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MANGANESE PRECIPITATED BY MICRO- 
ORGANISMS. 
GEO. A. THIEL. 
INTRODUCTION. 

Ir has been known for nearly a century that certain forms of 
unicellular life possess the power of precipitating ferric hydrox- 
ide from solutions of both organic and inorganic salts of iron.” 
The groups of Sulphur bacteria have also been isolated and 
studied for many years. More recently, the bacterial deposition 
of limestone in the Coastal Plain region has been investigated 
with results that indicate widespread activity of bacteria in the 
formation of massive limestone strata. The influence of micro- 
organisms in rock decay and in other geologic processes is also 
being increasingly elucidated. 

The object of this paper is to present an abstract of the re- 
sults of a series of experiments dealing with the precipitation of 
manganese through the activity of living fungi and bacteria, with 
special reference to the origin of sedimentary manganese ores.* 

The writer wishes to acknowledge his indebtedness to mem- 
bers of the staff at the Hawaiian Agricultural Experiment Sta- 
tion, Honolulu, for the collection of samples of manganiferous 
soils; to Dr. A. T. Henrici of the Department of Bacteriology at 
the University of Minnesota for aid in the classification of fungi, 
and to Dr. W. H. Emmons and Dr. F. F. Grout of the Depart- 

1 Ehrenberg, C. G., Poggendorff’s Annalen, Bd. 38, S. 213-227, 1836. 

2A detailed report including the morphology and physiology of the organisms 
will appear later in a Minnesota Geological Survey Bulletin. 
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ment of Geology for willing and helpful criticism through the 
course of the investigation. 


MATERIAL AND METHODS. 


The following materials were collected for the isolation of 
organisms for experimental purposes: 

1. High manganese soils from the Hawaiian Islands. These 
soils were chosen in order to obtain soil organisms that thrive 
in a manganiferous environment. 

2. Fresh wet peat from a bog near Minneapolis, Minnesota. 
Peat extracts were also prepared so that the organisms were per- 
mitted to develop in natural solutions. 

3. Fresh marine mud,—a slightly sandy, black mud from 
Woods’ Hole Mass., containing organisms adapted to marine 
conditions. 

4. Mine waters from the Portsmouth, Sagamore, and Hopkins 
mines on the Cuyuna Range. Each of the above mines contains 
manganiferous ore, and slimy deposits of freshly precipitated 
iron and manganese are abundant along fractures and seepage 
planes. 

5. Iron bacteria from iron spring deposits around springs issu- 
ing from the Platteville limestone along the valley of the Missis- 
sippi River. 

6. Loamy garden soils from the Pharmaceutical Gardens at 
the University of Minnesota. 

Sandy uncultivated soil or drift from an excavation in Min- 
neapolis. 

Bacteriological methods were employed for the isolation of the 
organisms. An infusion was prepared from each of the samples 
by placing from 2 to 5 gm. of the material in a flask containing 
50 cc. of sterilized distilled water. The flasks were vigorously 
agitated and allowed to settle for several minutes. One cubic 
centimeter was then withdrawn by means of a sterilized pipette 
and used for the inoculation of manganese-bearing culture media. 

Both liquid and solid culture media were used. The follow- 
ing solutions showed the most favorable growth: 
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(1) Mangano-peptane (4 per cent. Mn)..............--+---- 2 gm. 
Pat mEIIOL So os igsgcs nic vic oiniave Kino o pnicis ciao alstiinle Wein ete s 1,000 cc. 
NBN eae eta Cex cS o.oo cis wis s sie wreisis ois ae ole winioaa e eiewiecle 1,000 cc. 
MnCo. (freshly precipitated) .......c.ceseeseccevccccce 
sufficient to make a saturated solution 
(3) MnSo, Ueints are bie Gisie ates letaiereis te Sates ere EEO RT oe aOh ae stele oae I gm. 
Li agR DS cs eee a ee SCS een tae Pee enn rite ae 1,000 cc. 
ay PRON ERE Ort oie oce:ciwia Siare Wile sie ne cians er aiae eels 2 gm. 
Real MAINO S Wie a2 'b aw cinlcie-n\a (saree sie ates <inig oisvere a wil ates ete sca oe 1,000 cc. 
eo: Samo eee WattIAle soo os cieo aGinihe meine a sowie rioae seeks 2 gm. 
RE AO scold niece Grats omspe re aiele.d wea GeeeeRe neon re Manes 1,000 cc. 


Another series of manganese culture media was prepared by 
using tap water to which was added a small amount of peptone. 
The peptone solution was substituted in place of peat extract in 
the above formule. 

Solid culture media for plating dilute infusions for the isola- 
tion of pure cultures were made by adding 15 gm. of agar to 
either of the above solutions. It was then sterilized and while 
hot, poured into sterile petri dishes. 

For the detection of sulphate reducing organisms, the follow- 
ing culture solution was employed.* 


iron) lectate. (Pe(C. FO) 380) ois a). 20 os sicsisie dee sae sisie.ens 5-0 gm. 
Ammonium Sulphate ((NH_),SO,)........--.-eeeeeeeeees 2.0 gm. 
Diabasic potassium phosphate (K,HPO,) 


CSTEST 2: RAO 2S ERR a iO PR RR ne SS Ao eR ae 1,000.0 gm. 


Ns Gasay ate wietieia aieae 0.5 gm. 


Sulphate reducing organisms were detected three or four days 
after inoculation with soil or black slime infusions. The solu- 
tion became black, owing to the formation of ferrous sulphide by 
the reduction of the sulphates in the culture medium. 

Sub-cultures from the black solutions were transferred to 
manganese-bearing media made by substituting various organic 
or inorganic salts of manganese in the place of the iron lactate 
of the above formula. A small amount of peptone was added 
to each of the cultures containing only inorganic salts. 


3 Harder, E. C., U. S. Geol. Survey; Prof. Paper No. 113, p. 43, 1919. 
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MANGANESE ORGANISMS ISOLATED. 


Fungi or Moulds.—The fungi instrumental in the precipitation 
of manganese, grow as typical moulds (Plate I., 4). However, 
since the bontanists do not recognize any such a group of fungi, 
it is difficult to formulate a satisfactory definition of the term 
mould. Buchanan * states that it is a group of fungi having cer- 
tain superficial resemblances. All of them are alike in possessing 
a plant body made up of hyphe. Most of them grow on a 
variety of dead organic matter frequently producing fermenta- 
tion or decay. In short the group is fairly well defined by the 
common ‘conception of moulds as more or less cottony, cob- 
webby, velvety, or powdery organisms occurring on decaying 
organic matter. Organisms with the above general character- 
istics are found among the Phycomycetes, Ascomycetes, and the 
Fungi Imperfecti. The fungi that precipitate manganese are 
placed in the last named group. 

The Fungi Imperfecti include a great number of genera. 
Those that precipitate manganese are similar to one of the most 
common groups known as Odospora or Oidium.® Two species of 
this genus were isolated from fresh peat, loamy garden soil and 
from iron spring slimes. A further classification to determine 
the species of these moulds was not undertaken and throughout 
this report the organisms are referred to as Oidium manganifera 
alpha, and Oidium manganifera beta. 

Oidium manganifera alpha——-The mycelial threads of this 
Oidium grow almost entirely within the solid nutrient. material. 
A few aérial hyphe are present in the form of short chains of 
spores formed by the segmentation of aerial branches or threads. 
Unlike most of the common moulds, the vegetative threads seg- 
ment frequently into conidia or oidia. Many of the cultures 
that were active in the precipitation of manganese, showed groups 
of oidia at some distance from the growing vegetative threads, 
indicating segmentation and liberation of conidia from former 

4 Buchanan, Robt., “ Industrial Bacteriology.” 


5 The organisms were identified as similar to members of this group by Dr. 
Henrici of the Department of Bacteriology at the University of Minnesota. 
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vegetative mycelial branches. When grown on a fluid medium 
containing manganese, the fungus forms a tough brown scum on 
the surface, with numerous mycelial thread extending downward 
into the solution. 

Oidium manganifera beta.—This Oidium possesses a morpho- 
logical structure very similar to manganifera alpha. However, 
the network of mycelial threads is much more delicate when both 
are grown on a solid medium. Under the microscope they are 
readily distinguished by the numerous segmented aérial hyphe 
over the surface of colonies of manganifera beta. The small 
diameter of the individual threads is also of diagnostic value. 


THE PRECIPITATION OF MANGANESE. 


Manganese is precipitated in the form of brown granules on 
and around the sheaths of the branching threads (Pl. I., D). 
Some granules are at a distance from the active cells suggesting 
extra-cellular oxidation. Plate I., B is a photograph of a petri 
dish containing colonies of Oidium manganifera alpha isolated 
from fresh peat. The organisms are shown growing on a 
medium composed of peat extract containing I gm. per liter of 
MnSOQ,. In other words a medium was prepared that would 
duplicate as nearly as possible the conditions as found in a bog 
where meteoric waters carrying small amounts of manganese 
came in contact with fresh peat. For convenience this medium 
was mixed with agar, which plays no part in the chemical reac- 
tions, but which solidifies into a jell when cooled. The con- 
centric black areas seen in the figure are composed of fine 
granules of brown manganese precipitated from the culture 
medium. Plate I., 4, shows the same type of organisms pre- 
cipitating manganese from a manganese tartrate medium. The 
structure of the individual threads of a growing young mould is 
shown in Plate I., C. Similar threads coated with manganese 
derived from a manganese acetate solution are shown in Plate I., 
D. A heavy growth of such threads was taken from a flask and 
dried at 100° C. By analysis, it contained 12 per cent. manga- 
nese, most of the remainder being organic material. Oidium 
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manganifera alpha and Oidium manganifera beta precipitate 
manganese from aquaeous solutions of the following salts. 


. MnSO,, 
MnCoO,, 
Mangano-peptone, 
Manganese acetate, 
Manganese tartrate. 


MARINE BACTERIA. 


Series of experiments were performed with the object of 
determining whether bacteria commonly present in marine muds 
were instrumental in the precipitation of manganese. Flasks 
containing the manganese solutions listed above were prepared 
in triplicate groups. 

(GRE) amamee  BOUION : So ois ania ic sie sin ons crore o's o10 cls wicis ss scleie's 200 

Normal marine mud 5 
(Sd) Misnianese eo nstions si o:. sore 635 oS 6s wrors's wera a eles wes eeiarete 200 
Sterilized marine mud 5 


(3d) ‘Sterile manwanese SOuMtGON os ..05:<c6.5 4 on newts Sos so ese ns 200 
(Blank check) 


At the end of one month a quantitative determination of the 
amount of manganese left in solution showed the following re- 
sults: 


(a) Flask 2 contained more mangenese than the original, due 
to manganese taken into solution from the mud. 

(b) Flask 1 inoculated with normal marine mud showed a de- 
cided loss of manganese. In many cases only a few parts-per 
million remained in solution. 


In order to isolate the marine organisms instrumental in the 
precipitation of manganese, culture media with a salinity similar 
to marine waters were prepared. Various manganese salts were 
added and inoculated with marine mud infusion. In a week 
numerous colonies of bacteria covered the plates, some of which 
precipitated manganese. Plate II., C, shows colonies of marine 
bacilli precipitating manganese from a mangano-peptone medium. 
The black areas are composed of minute brown granules of 
manganese. 
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PLATE I. Economic GEOLOGY. VOL. XX. 


A. Colonies of the fungus Oidiuim manganifera alpha precipitating 
manganese from a medium containing manganese tartrate. The dark 
areas are composed of minute granules of brown manganese. X 8/10. 

B. Colonies of the fungus Oidium manganifera alpha precipitating 
manganese from a medium composed of MnSOQO, in peat extract. The 
concentric layers represent days of growth. X 8/Io. 


C. Mycelial threads of the same organ‘sm as in figures 4 and B, show- 


ing the cell structures with an enclosing sheath. Photographed in a 


solid culture medium containing no manganese. X 170. 

D. Mycelial threads similar to Fig. C. Organism taken from flask 
containing manganese acetate medium. Note irregular grouping of man- 
ganese grains on sheaths of threads making them many times their natural 
thickness. XX 50. 
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D 


A. Young colony of Oidium manganifera beta on Mn acetate medium. 
Note dark concentric rings around outer portion where the precipitation 
of manganese is in its intial stages. 


B. Margin of a colony of manganese-precipitating bacilli on MnSO, 
culture medium. X 35. 


C. Confluent colonies of marine bacilli precipitating manganese in a 
plate of mangano-peptone agar. XX 35. 

D. Colonies of anaérobic cocci in a sealed tube containing manganese 
tartrate agar. Note dark colonies with accumulation of 


manganese 
grains. XX 8/Io. 
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SULPHATE REDUCING ORGANISMS, 

The reduction of sulphates, thiosulphates and sulphites by 
sulphate-reducing bacteria can be accomplished most readily by 
cultivating the organisms under anaérobic conditions. Cultures 
of anaérobic organisms isolated from black iron spring slimes by 
the use of a culture medium such as previously mentioned, were 
incubated until the solutions became black, owing to the forma- 
tion of ferrous sulphide. Sub-cultures from the black solutions 
were added to manganese-bearing media in which various salts of 
manganese were substituted for the ferrous iron of the above 
formula. 

A heavy growth of organisms developed in solutions contain 
ing the following manganese salts. 


Manganese Sulphate, Manganese Peptone, 
Manganese Carbonate, Manganese Acetate, 
Manganese Chloride, Manganese Tartrate. 


The flasks became gray or black in color due to the accumulation 
of a fine flaky precipitate. When filtered from the flasks, the 
precipitate dissolved readily in HCl or HNO, with marked effer- 
vescence. When treated with H.O. it became dark brown. An 


analysis of one gram of the dried precipitate contained 9 per 
cent. Mn, and ¢he remainder mostly organic material. 


To note the growth of the anaérobic sulphate reducing organ- 
ism in a solid.culture medium, a test tube was filled with manga- 
nese tartrate agar and inoculated before the agar solidified. 
When cooled and solid the tube was sealed with paraffin. Within 
a week tiny white colonies appeared in the tube and at the end of 
two weeks the precipitation of manganese became evident. Plate 
II., D shows a portion of the tube with black colonies of organ- 

_isms coated with manganese granules. 


IRON BACTERIA. 


The precipitation of manganese by iron bacteria has been indi- 
cated by various investigators.° To compare their activity with 
6 Ellis, David, “ The Iron Bacteria,’”’” Methuen and Co., London. 


Brown, J. C., “ Deposits in Pipes and Other Channels Conveying Potable 
Water,” Inst. Civ. Eng. Proc., vol. 156, 1904. 
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that of other manganese-precipitating forms, iron bacteria were 
collected from iron spring deposits and from mine waters on the 
Cuyuna Range. The following forms, described in detail by 
Ellis," precipitate manganese as rapidly as iron. 


(1) Crenothrix polyspora, 
(2) Leptothrix ochracea, 
(3) Cladothrix dichtoma, 
(4) Clanothrix fusca. 


CERTAIN GEOLOGIC APPLICATIONS. 


In view of the fact that our present knowledge of the effect of 
bacterial action in geologic processes is still meagre, it is not pos- 
sible to come to any definite conclusions concerning the extent to 
which organisms have taken part in the formation of sedimentary 
manganese ores. Nor is it the intention of the writer to postulate 
extensive activity on the part of fungi, marine and non-marine 
bacteria in the formation of such ores. However, since organ- 
isms that precipitate manganese are almost universal in their 
distribution, we are justified in assuming that in many cases they 
were instrumental in precipitating some of the manganese in the 
sediments that are protores of commercial deposits. The form in 
which the manganese is precipitated is not yet definitely known, 
but the above experiments indicate that precipitation by fungi is 
accomplished more readily from organic than from inorganic 
salts of the metal. It is, also, quite possible that organic salts of 
manganese occur in meteoric, manganese-bearing solutions. 
Such an opinion is supported by the fact that numerous organic 
acids are present in the zone of rock decay, especially in regions 
that support vegetative growths. Among the organic acid re- 
ported present are acetic, citric, tartaric, propionic, formic, lactic, 
butyric, ulmic, crenic, apocrenic, humic, aérglic, oxalic, succinic, 


Harder, E. C., “ Iron Depositing Bacteria and their Geologic Relations,” U. S. 
Geol. Surv. Prof. Paper 113. 
Jackson, D. D., “ A New Species of Crinothrix,” Trans. Am. Micro. Soc., vol. 
23, P. 31, 1901. 
7 Loc. cit. 
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and others.* The presence of some of these acids may be ques- 
tioned, but manganese salts of some of them would accumulate in 
stagnant bogs and lacustrine basins where organisms are espe- 
cially active, and be precipitated as bog manganese ore. 

In marine muds anaérobic bacteria, especially the sulphate re- 
ducing types, are very abundant. If the present interpretation ° 
of the physiology of such forms is correct, manganese carbonate 
may be precipitated through the reducing action of the bacteria. 
It is believed that these organisms use oxygen taken from the 
sulphates for the production of energy within their cells. Car- 
bon dioxide is formed as a product of such oxidation. The re- 
action is represented as follows, (M representing any metal) : 


M SO, + 2C = 2 CO.+M S. 


Then in the presence of carbon dioxide and water, the follow- 
ing reaction would take place: 


M S+ CO. = H.0 = H.S + M CO.. 


Experimental work now in progress indicates that manganese 
in carbonate form is precipitated in fluid cultures containing 
manganous salts. 


SUMMARY. 


1. Microorganisms that precipitate manganese are nearly uni- 
versal in their distribution and may play a part in the deposition 
of sedimentary manganese ores. _ 

2. Fungi that precipitate manganese from organic and inor- 
ganic salts of the metal are present in peat bogs, loamy and 
manganiferous soils and iron spring slimes. 

3. Bacilli isolated from marine muds are extremely active in 
the precipitation of manganese from organic solutions. 

4. Sulphate reducing organisms grown under anaérobic con- 
ditions on solid culture media, precipitate brown granules of 


8 Van Hise, C. R., “ Treatise on Metamorphism,” U. S. Geol. Surv. Monograph 
No. 47. 
Harder, E. C., op. cit. 
Whitney, M., Science, vol. 54, N.S., p. 349, 1921. 
9 Beijerinck, M., Centralb. Bakt., Abt. 2, Bd. 11, 1904. 
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manganese around the colonies. When grown in a liquid 
medium, a dark gray, flaky precipitate is formed that contains 
manganese. 

5. Manganese carbonate may be precipitated through the ac- 
tion of sulphate reducing bacteria on organic solutions. 

6. Various types of iron bacteria precipitate manganese as 
rapidly as iron. 

UNIVERSITY OF MINNESOTA, 
MINNEAPOLIS, MINN. 








THE CARIDAD MINE, SONORA, MEXICO. 
ALFRED WANDKE. 


Tue Caridad Mine of the Moctezuma Copper Company, 
Nacozari, Sonora, Mexico, is situated about 75 miles south of the 
International Boundary from Douglas, Arizona, and is about 7 
miles northeast of the Pilares mine belonging to the same com- 
pany. 

The country in the vicinity of the mine is typical oi the lower 
western flank of the Sierra Madre of Mexico. Steep walled 
V-shaped valleys have been carved by the.minor streams into 
the uplifted and slightly warped plateau. These small streams 
are tributary to the Bavispe river which flows in a broad deep 
cafiyon that rivals parts of the Colorado. Near the mine the 
country is rugged. From the level of the adit tunnel, about 3,000 
feet above sea level, the valley walls rise abruptly for several 
hundred feet. 


ROCK FORMATIONS. 


The rocks of the district consist of acidic and basic flows with 
which are interbedded red conglomerates, sandstones, and vol- 
canic tuffs and breccias. These rocks, presumably of early Ter- 
tiary age, were, during the mountain building period, flexed into 
gentle folds, and intruded by quartz monzonite and granite and 
broken by faults. The ore deposits stand in intimate relation- 
ships to the intrusives. At the Caridad mine the principal in- 
trusive is a stock of quartz monzonite which cuts the effusives, 
tuffs, and breccias. This intrusive, fissured along northeast and 
northwest directions, is mineralized along these breaks through 
which the ore soiutions rose and by replacement formed the 






1 Permission to publish this paper was granted the writer in 1923 by Mr. H. T. 
Hamilton, at that time general manager of the Moctezuma Copper Company. 
Presented before Society of Economic Geologists, New York, May, 1924. 
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workable ore bodies. The development work done shows that 
practically all of the ore bodies are confined to the quartz mon- 
zonite. 

ORES. 


The ores are worked for their copper content, but a little 
silver is recovered at the smelter. The chief sulphide minerals 
are pyrite, enargite, tennantite, bornite, and chalcocite. Covel- 
lite and chalcopyrite are sparingly present and a little specu- 
larite occurs in the ore that carries a fair amount of quartz. As 
gangue minerals are present the minerals of the quartz mon- 
zonite and those that were developed along with and after the 
ore. Among the latter group are quartz, sericite, alunite, barite, 
and jarosite. 

HYPOGENE ROCK ALTERATION. 


The quartz monzonite, which is porphyritic, has the usual 
characteristics of this type of rock. Quartz and plagioclase 
feldspar are the chief phenocrysts and rest in a groundmass of 
quartz and feldspar. The important colored accessory min- 
erals are biotite and hornblende. Magnetite, zircon, apatite and 
titanite are found in small amounts. 

As the ore minerals were developed the monzonite underwent 
alteration. The biotite changed to chlorite, sericite, and rutile; 
the plagioclase feldspar was replaced by sericite; the hornblende 
altered to sericite, quartz and rutile; magnetite evidently titani- 
ferous changed rather completely to titanite; the groundmass 
was silicified, especially as pyrite developed. 

The first sulphide to develop was pyrite. There appears to be 
little tendency for this mineral to replace the magnetite. 
Rather, its early deposition seems to be localized to altered biotite 
and hornblende. With the development of the copper sulphides 
the rock suffered a more complete and drastic type of alteration, 
the end product being massive ore. Intimately associated with 
the massive ore are sericite and barite as the more prominent 
and abundant minerals, masses of barite being found that will 
weigh half a ton. The barite and sericite in turn give way to 
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alunite, which also replaced directly the minerals of the mon- 
zonite. Forming in vugs and perhaps replacing the alunite is 
a mineral with the optical properties of hydragillite. The changes 
taking places as sericite, alunite, and hydragillite form from 
the plagioclase feldspar are shown in the following table. 














Hypogene. Supergene. 
| 
Oligoclase. Sericite. Alunite. | Hydragillite. Jarosite. 

BSN PE ois dis o) » (vs ioc Bet, Avene teh leamck were e ioe chsan.d aoe 
PUM ore \exs(s oo oss 5-4 38.5 37.0 Gear AB ates oc 
“TPO a) SPCR, Le Sea! Aiea Pam ener) (ome Breen ges, Wicigre te el ae eave 47-9 

Re Ree MO cM eas ch re GaN Ce sic oe eta oe SMS ee aaa rece Ke 31.8 
CaO and Na2O.. Lf Oo A ae RaE, (REARS CIM tact ORANGE CUNEO SE Clem SLogiE lS eumel e 
PM ncaa ayath SVElic i Siais.S.0)6.6.0% 11.8 TEA oD ciccmnsuiex 9 

PEMD, hea reeks eer Bae se eb dete 4.5 | 13.0 34.6 10.8 














The development of the sulphate minerals, as barite and 
alunite, is rather interesting for the association of these with an 
enargite-tennantite-bornite ore have not as yet been described. 
The occurrence at the Caridad mine is such as to indicate that 
the sulphates are primary (hypogene) minerals. In this respect 
the observations entirely support those of Butler * who has ad- 
vocated the presence of primary (hypogene) sulphate minerals 
in ore deposits. 

The evidence is rather clear that the barite is intimately related 
to the later stages of the period of sulphide deposition. The 
alunite, on the other hand, appears to be later than the period of 
sulphide deposition and to mark the closing stages of the period 
of mineralization. The mineral sequence is illustrated by the 
following diagram. 

© 


Quartz 
Sericite 








Pyrite 





Enargite 





Tennantite 





Bornite 





Barite 
Alunite 
Hydragillite — 





2B. S. Butler, Econ. Grot., vol. 14, 1919, pp. 581-609. 








314 ALFRED WANDKE. 


ORIGIN OF THE SULPHATES. 


The various views regarding the primary nature of sulphate 
minerals have been summarized by Butler in the article referred 
to. In considering the origin of the sulphates Butler * believes 
them to be related to the change of ferric to ferrous minerals. 
“At the higher temperatures the conditions were favorable to 
the oxidation of iron and the reduction of sulphur, whereas at 
the lower temperatures the conditions were favorable to the re- 
duction of the ferric compounds and the oxidation of sulphur. 
Possibly this reduction of the ferric compounds takes place to 
some extent even after the ferric minerals have been deposited 
from the ore bearing solutions.” Butler also suggests that the 
ferric oxide in the wall rocks may be very effective for the oxi- 
dation of sulphur to produce sulphates. In limestone deposits 
another possible source of oxygen for the oxidation of the sul- 
phur is the CO, of the limestone. This source under certain 
conditions is undoubtedly effective in producing oxidizing con- 
ditions but hypogene sulphates although found are by no means 
common in the sulphide deposits occurring in limestone. 

At the Caridad mine limestone is absent, carbonates are spar- 
ingly developed, and ferric oxide forms an insignificant part of 
the wall rock. In fact, a little hematite was deposited along with 
the ore and remains resistant as the sulphides were deposited. 
This same persistence of the iron oxides in the presence of sul- 
phides that were deposited later seems to be the usual rule in a 
great many ore deposits. It appears, therefore, that CO. and 
Fe,O; were not effective oxidizing agents at the Caridad mine 
It would seem as though some more general oxidizing agent must 
be appealed to in order to produce the desired oxidation. It is 
suggested that H,O, the common constituent of all volcanic 
emanation‘ acted as the oxidizing agent in the present case. It 
is assumed that under the proper conditions during the ore de- 
positing period the sulphur united with water vapor to form the 
several oxides of sulphur. The ore solutions would thus carry 


3 Econ. GEoL., vol. 14, 1919, p. 602. 
4 Day and Shepherd, Bull. Geol. Soc. Amer., vol, 24, pp. 573-606. 
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the elements to form sulphuric acid. This acid on reacting with 
the wall rocks would combine with the alumina to form alunite, 
the silica of the rock being combined as silicic acid and thus 
removed. 

It may be asked why, if such a process is feasible, do we not 
find sulphates more commonly developed in ore deposits? It 
is entirely probable that sulphates are commonly developed by 
the ore solutions, only at higher temperatures sulphites and thio- 
sulphites are the rule, which being easily soluble are removed 
in the closing stages of the mineralizing period; the sulphates 
on the other hand belong with the lower temperatures and the up- 
per limits of the ore zone. For the average deposit the upper part 
of the mineralized ground has long since been removed by ero- 
sion. It is only here and there in a shallow seated type of de- 
posit where there has been relatively little erosion that the sul- 
phates still remain in relative abundance to point to the fact 
that primary sulphates are quite generally produced by the ore 
solutions. 

THE ORE MINERALS, 


The deposit shows a combination of pyrite, enargite, ten- 
nantite, and bornite deposited in the order named but the times 
of deposition overlapped. The chief copper mineral, enargite, 
occurring in well terminated typical crystals as well as massive, 
was the first of the copper minerals deposited. It is followed 
by tennantite and bornite which not only vein the enargite but 
also replace it. These replacements are striking for they show 
almost all of an enargite crystal replaced by tennantite and born- 
ite. It is indeed surprising, after selecting a crystal of enargite 
for polishing, to find on examination that the crystal is merely 
a skeleton of enargite within a matrix of tennantite and bornite. 
The invasion of the enargite does not at first glance seem to 
have been along crystallographic directions but appears as irre- 
gular veinlets of the replacing sulphides which branch and form 
a network through the enargite; closer study, however, reveals 
that the replacement veinlets for the most part follow crystal- 

22 
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lographic directions. Tennantite may occur as homogeneous 
veinlets cutting the enargite, but the bornite invariably has ten- 
antite associated, the two minerals being intergrown in a fine- 
grained mutual boundary pattern. 


SUPERGENE ALTERATION. 


Although the surface expression of secondary alteration is 
marked the thickness of the zone or the depth to which such 
alteration has penetrated is rather shallow. This zone varies 
in depth depending on whether one is considering the forma- 
tion of an iron gossan, the secondary alteration of the silicates, 
or the alteration of the sulphates or copper sulphides. 

Iron Gossan.—The amount of iron gossan is rather limited. 
Near the ore bodies and in fact over the mineralized ground in 
general there is a massive iron gossan developed of limited 
thickness. This limitation in thickness may be due to the fact 
that the erosion on the sides of the steep walled valleys almost 
keeps pace with the formation of the gossan. In a single hand 
specimen within the width of an inch may be seen iron rich 
gossan, slightly copper enriched sulphide, and the unenriched 
primary sulphide. The alteration of the pyrite is well shown. 
Just above the unaltered sulphide the former presence of pyrite 
may still be determined by the outlines of the limonite altera- 
tion product. From the appearance of the residues it seems as 
though the outer rim of the pyrite altered completely to limonite 
and that the pyrite within this rim was then removed without 
forming limonite in place. The result is that former pyrite 
crystals are now indicated by shells of limonite within which 
a little porous limonite is contained. Nearer the surface many 
of the shells appear to have been rather completely filled. At the 
very surface almost all of the limonite carries a little hematite. 
This hematite is apparently a dehydration product of the limon- 
ite. Ina broad way the gossan shows the removal of silica and 
the fixation of iron hydroxide. 

Alteration of the Silicates—The secondary alteration of the 
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silicates is also limited to a depth of about 100 feet. The kaolini- 
zation of the feldspar is the chief expression of this type of 
alteration. 

Alteration of the Sulphates.—The chief alteration product of 
the alunite is jarosite. This change extends to about the same 
depth as does the alteration of the feldspar. Near the outcrop 
the jarosite is fairly abundant. 

Alteration of the Sulphides—tIn the outcrops the sulphides 
are well altered. As has been mentioned the pyrite changed to 
limonite. The copper sulphides, enargite, tennantite and bornite 
changed to chalcocite and covellite. Close to the surface sul- 
phates and other undetermined oxygenated compounds are pres- 
ent. The chief secondary copper mineral is chalcocite and this 
selectively replaces the bornite. The amount of secondary chal- 
cocite in the deposit is small and except for the depth of a foot 
or two near the surface does not affect appreciably the copper 
content of the ore. <A very little chalcocite about 200 feet below 
the surface may mark the lower limit of the effective action of 
secondary solutions. 


CLASSIFICATION OF THE DEPOSIT. 


Copper deposits carrying as essential minerals the sulphides 
enargite, tennantite and bornite are generally placed in deposits 
formed at intermediate depths. The presence of alunite as one 
of the important gangue minerals would place this deposit among 
those formed at shallow depth. Just how far below the surface 
this deposit was formed is difficult to state for no intensive geo- 
logical work has been done in this district. But it seems hardly 
possible that more than a few thousand feet of rock have been 
eroded from above this deposit. 


SUM MARY. 


The Caridad Mine carries the copper minerals enargite, ten- 
nantite, and bornite. The chief gangue minerals are quartz, 


5 W. Lindgren, “ Ore Deposits,” New York, 1919, p. 514. 
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sericite, barite, and alunite. The deposit is classified as one 
formed at shallow depths and may mark the transition zone of 
the shallow seated type of alteration and mineralization to the 
type characterizing deposits formed at intermediate depths. The 
ores are of hypogene origin and are intimately associated with 
an intrusive of quartz monzonite porphyry. The presence of pri- 
mary hypogene sulphates, barite and alunite, is believed to indi- 
cate that the late stages of mineralization may be characterized 
by sulphate solutions. 


GUANAJUATO, MEXICo. 
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EXPERIMENTS ON THE ORIGIN OF 
PHOSPHATE DEPOSITS. 


WILLIAM A. P. GRAHAM. 


INTRODUCTION. 


In the superficial enrichment of phosphatic deposits in limestone 
two general types are recognized, namely, those which have been 
enriched by the solution of the carbonate gangue leaving the 
phosphatic material in a concentrated state, and those which have 
been enriched by the solution of the phosphatic material and its 
deposition at depth. The apparent reason for the two different 
methods of enrichment is that some solutions dissolve the calcium 
phosphate more readily than the calcium carbonate, while others 
must reverse the action and leach the carbonate. This paper is 
based on experiments intended to ascertain the nature of the solu- 
tions that may be effective in the two cases. 

The writer wishes to express his appreciation to Dr. Frank F. 
Grout, Dr. C. R. Stauffer, and Dr. M. C. Sneed for many valu- 
able suggestions regarding the experiments and writing of this 
paper. 

PREVIOUS WORK. 

The phosphate deposits of Tennessee are described by C. W. 
Hayes. He reports that the deposits of the Mount Pleasant 
District are derived from the leaching of the CaCO, from the 
Silurian and Devonian limestones, leaving the phosphate in a 
concentrated residue." The White Bedded Tennessee phosphates 
are thought to be the result of deposition from phosphatic solu- 
tions replacing limestones and crystals of calcite that occur in the 
Carboniferous chert, the phosphoric acid being derived from the 
highly phosphatic Carboniferous limestone above them.” 


1 Hayes, C. W., “ Brief Reconnaissance of Tenn. Phos. Fields,’ U. S. Geol. 
Surv., 20 Ann. Rept., part 6, pp. 633, 1898-99. 

2 Hayes, C. W., “ The Tennessee Phosphates,” U. S. Geol. Surv., 16 Ann. Rept., 
part 4, pp. 610-630, 1894-95. 
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The lamellar variety of white phosphate shows plainly that it 
has been deposited from solution, as it is found only in caverns 
where it shows stratification, fracturing due to the solution of 
the limestone underneath the layers, and the recementation of 
these fractures by additional phosphate.* 

G. S. Rogers in a more recent work on the phosphates of South 
Carolina suggests that those deposits were accumulated as re- 
siduals by the leaching of the calcium carbonate by carbonated 
waters from the upper part of the Edisto marl, in which the origi- 
nal phosphatic material occurred. He also recognizes the pres- 
ence of phosphatic replacements of calcium carbonate where the 
waters charged with phosphoric acid, from the upper layers, stood 
in contact with lower carbonate rocks.‘ 

Blackwelder has shown that some phosphate deposits have been 
enriched by solution and redeposition of the phosphorus as well 
as by the leaching of the gangue leaving the phosphates in a con- 
centrated condition. The enrichment of the phosphates from 
guano deposits is attributed to the solvent action of the organic 
acids developed during the decay of the guano. This results in 
the phosphorus being carried downward in solution where it is 
deposited at depth forming the calcium phosphates.° 

Hummel is the most recent writer on the subject of phosphate 
enrichment through weathering. Moist climates are especially 
prolific in the generation of CO, making the solution of the lime 
carbonate rapid, thus developing residual phosphate deposits. 
The solution and redeposition of phosphorus is known to occur 
in many commercial deposits, as in South Carolina, Tennessee, 
and Florida. Hummel thinks that although the calcium phos- 
phates are more insoluble than calcium carbonate, their partial 
solution is made possible by the weathering in humid climates 
where carbon dioxide is developed in large quantities.° 


3 Hayes, C. W., “ Origin and Extent of Tenn. White Phosphates,’ U. S. Geol. 
Surv., Bull. 213, pp. 418-423, 1902. 

4 Rogers, G. S., “ Phosphate Deposits of S. Carolina,’ U. S. Geol. Surv., Bull. 
580, pp. 205-207, 1915. 

5 Blackwelder, Eliot, “The Geologic R6le of Phosphorus,’ Amer. Jour. Sci., 
vol. 42, 4th ser., pp. 285-298, 1916. 

6 Hummel, Dr. K., “ Die Phosphorsaureanreicherung in Phosphatlagerstatten,” 
Bergund Hiittemannischen Zeitschrift, No. 6, pp. 1-8, 1924. 
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SUGGESTED SOLVENTS OF PHOSPHORUS. 


Practically all of the writers who deal with the enrichment of 
phosphate deposits attribute the process to the action of CO.7 
and humic acid solutions.* The effect of salt water of the ocean 
is also mentioned.° 

It has been stated by various writers * that in addition to the 
above solutions which increase the solubility of phosphorus 
sodium chloride, ammonium chloride, potassium chloride, sodium 
nitrate, and practically all acids increase the solubility of the 
calcium phosphates, while in general the bases decrease the solu- 
bility. Much of the work was qualitative and made no pretense 
of determining whether the material attacked lost lime as well as 
phosphorus. It is certain in some cases that when phosphorus 
was dissolved lime was also dissolved. Probably in at least a 
few cases lime was dissolved so largely that, though phosphorus 
was partly dissolved, it was also ieft enriched in the residue. 

It should be noted further, that the mineral or colloidal condi- 
tion of the phosphate makes a great difference in its solubility or 
rate of attack, so that the results obtained by one series of ex- 
periments may not be widely applicable over the world.” 


PREVIOUS WORK ON SOLUTION AND DEPOSITION OF PHOSPHATES. 
Minssen and Tacke observed that the solubility of calcium 
phosphate is increased by humus acids.” Reese ** also showed 


7 Hummel, op. cit. 
Hayes, op. cit. 
8 Reese, C. L., “Influence of Swamp Waters on the Formation of Phosphate 
Nodules,” Jour. Sci., 3d Ser., vol. 43, pp. 402-406, 1892. 
9 Eldridge, G. H., “ A Preliminary Sketch of the Phosphates of Florida,” Trans. 
A, I. M.E., vol. 21, pp. 215, 1892-93.° 
10 Cameron, F. K., and Hurst, L. A., “ Action of Water and Saline Solutions 
upon Certain Slightly Soluble Phosphates,” Jour. Am. Chem. Soc., vol. 
26, pp. 855, 1904. 
Cameron, F. K., and Siedel, A., “ Action of Water on Phosphates of Cal- 
cium,” op. cit., pp. 14-54. 
Bischof, Gustav, Chem. Geol. 
11 Eldridge, G. H., “A Preliminary Sketch of the Phosphates of Florida,” 
Trans. A. I. M. E., vol. 21, pp. 213-220, 1892. 
12 Minssen, H. and Tacke, B., “ Solubility of Phosphoric Acid of Basic Slags 
and Crude Phosphate in Peat Soils,” Jour. Chem. Soc., vol. 78, pt. 2, p. 618, 1900. 
13 Reese, C. L., op. cit. 
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that the swamp water rich in organic matter is a more active 
solvent of phosphorus than water. He also found that phos- 
phatic solutions deposited their phosphorus content when allowed 
to stand in contact with calcium carbonate. 

Muller ** has shown that apatite is soluble in carbonated waters. 
Others *® have also shown that apatite and other forms of cal- 
cium phosphate are soluble in various solutions. 

Warington ** has found that iron and aluminum hydroxides 
cause the precipitation of phosphorus from solutions. Lacroix ** 
describes a case of the replacement of feldspar in a trachyte by 
aluminum phosphates. 

Cameron and Hurst ** state that a rise in temperature, or an 
increase in the amount of CO, increases the solubility of tri- and 
di-calcium phosphates. Calcium carbonate and calcium sulphate 
decrease the solubility. They also state that free phosphoric acid 
in solution tends to increase the solubility of the phosphate. Also 
that the bases even though in solution in correspondingly smaller 
amounts exert a greater effect in decreasing the solubility. 


EXPERIMENTAL WORK. 


Source of Material—The phosphatic material used in the 
preparation of the lean phosphatic limestone came from the west- 
ern phosphate deposits of the United States. The calcium car- 
bonate which was mixed with this commercial phosphate rock, 
was a brownish white Tennessee marble. The mixture was made 
up to contain 6 per cent. P.O; and 48.48 per cent. CaO, the other 
constituents not being determined. 

The apatite was a large brown crystal. Analysis of this ma- 

14 Muller, H., Jahrb. K—k. geol. Reichsanstalt, vol. 27, Min. Mitt., p. 25, 1877. 

15 Cameron, F. K., and Seidell, A., op. cit., p. 1454, 1904; op. cit., vol. 27, p. 
1503, 1905. Cameron, F. K., and Hurst, L. A., op. cit., p. 885, 1904. 

16 Warington, R., “ Researches on the Phosphates of Calcium, and Upon the 
Solubility of Tricalcic Phosphate,” Jour. Chem. Soc., vol. 19, p. 296, 1866. 

17 Lacroix, M. A., “ Sur la transformation de roches volcaniques en phosphate 
d’alumine sous l’influence de produits d’origine physiologique,” Institute de 
France. Academie Des Sciences, t. CXLIII., p. 661, 1906. 

18 Cameron, F. K., and Hurst, L. A., op. cit., p. 904, 1904. 
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terial showed it to be about 55 per cent. CaO and 41 per cent. 
P.O;, the theoretical composition. 

Procedure.—The mixture used in these experiments contained 
12 grams of limestone with 3 grams of commercial phosphate 
rock, 15 grams of the mixture being put into each solution. The 
rock was powdered to pass through a 40 mesh. screen. 

Other experiments were made in which apatite, ground to pass 
through 40 mesh, were used instead of the lean phosphate rock 
mixture. 

The solutions used in these experiments were designed to 
simulate the conditions in nature where phosphate deposits occur. 
The analyses of ground waters were used as the basis on which 
the concentration of the various solutions were made up, each 
salt being dissolved in a bottle containing 2 liters of distilled 
water. 

SOLUTIONS USED. 


RM a S52 as wa be Sh Saw Wg a Bd 0.324 grams 
RES 6 $4 dip cas Wn Yue at wee ees 0.0934 - 
ee (Rydrated) ..:........ 0.0522 : 
SN re ee ere eee 0.0249 " 
PO a eesti) othe cara oat aes 0.0202 i 
ea (lyydrated)«. «5.0.4 0.2090 si 
Oe Sr (hydrated)........ 0.1543 . 
16215 CLC ) one ne ES Cee ee RO 0.0340 
oP kn oat OG Ld oe Ree RY 0.0443 - 
Ri ie ern cs aa da va wow ates 0.0253 - 
Ee ae ere eee 0.3433 " 


In addition to the above solutions the following were also used, 
H.0, H.CO;, humic acids, and H.SO,. The humic acids were 
made by soaking peat in distilled water for 48 hours. The 
H.SQ, solution was made up by adding 0.58 grams of concen- 
trated H.SO, to two liters of distilled water. 

Two portions of each solution, two liters each, were made, 
one to be treated with CO. and the other to be without CO.. 
These solutions were allowed to stand under the same conditions 
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during the entire experiment. The CO, was supplied by a large 
cylinder with the bottles connected in series, the bottles being 
rotated so that the last bottle was placed first from the cylinder 
daily to give uniform pressure conditions over the period of the 
experiment. The bottles were occasionally shaken because the 
phosphate rock settled to the bottom after standing a few hours. 

Samples were taken out at the end of 20 days and again at the 
end of go days, the results of the analyses are given in Table I. 

From the bottle containing the original two liters of solution 
150 c.c. were taken for the phosphorus determination. The phos- 
phorus was determined by the gravimetric method for phosphorus 
as given by Wilfred W. Scott.*® 

For the calcium determination 50 c.c. of solution were taken 
from the bottle containing the original solution and the determina- 
tion was made following the method for determining the calcium 
content of phosphate rocks as given by Wilfred W. Scott.*° 


DISCUSSION OF RESULTS. 


Some of the results in the tables show peculiarities indicating 
errors, or the influence of some unknown factors. It is believed, 
however, that the general tendencies are clear enough to be the 
basis of fairly definite conclusions. The more important deter- 
minations have been checked. The variation is probably no 
greater than is to be expected from the variations in solubility 
due to differences in atmospheric pressure on CO. from day to 
day. 

The results show that for most solvents there is a fairly definite 
ratio of solubility of the lime and phosphorus. .In the 20 day 
series the ratio of the phosphate to lime is approximately the 
same as that in the go-day series. The longer series dissolved a 
little more of both constituents, but the tendencies shown in the 
shorter series are slightly accentuated in the longer series. The 
action was great in 20 days and only slightly increased in go days, 
showing that the solutions were in approximate equilibrium. 


19 “Standard Methods of Chemical Analysis,” vol. 1, 3d edition, p. 366. 
20 Idem, p. 106. 
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The action of the various salt solutions on lean phosphate rock 
is fairly uniform, varying much more with the presence or ab- 
sence of CO, than with differences in the salts added. 

Two solutions were used, however, which are notable excep- 
tions to this uniformity of action on lean phosphate rock. These 
are the solutions of acids. Both humic acids and sulphuric acid 
depart widely from the average in the amounts of lime and phos- 
phorus dissolved. 

Humic acids take into solution four or five times as much 
phosphorus as the average aqueous salt solution used. At the 
same time the humic acids have little tendency to increase the 
solution of lime, except in the 20-day series without CO, which 
had a high lime content possibly due to CO, contained in the 
humic acids. This means that phosphate deposits would be 
much more likely to be leached free from phosphates in the upper 
layers if humic acid waters are present than in cases where only 
the more ordinary inorganic salts were present. Such conditions 
would be favorable to the formation of enriched beds at depth. 

Sulphuric acid on the contrary dissolves a little less than the 
average amount of phosphate from a limestone and considerably 
increases the amount of lime dissolved. Since sulphuric acid is 
formed by the weathering of pyrite, FeS., the development of 
certain commercial deposits may be due to the weathering of 
this mineral. On analysis of the black Tennessee phosphates * 
it was found that FeS, occurred in every sample available. In 
this case it seems probable that the high concentration of phos- 
phorus may be due to the greater leaching power of H.SQ, solu- 
tions on the calcium carbonate than on the phosphates, leaving re- 
sidual phosphate deposits. 

The influence of CO, is so often mentioned in the leaching of 
limestone and phosphate rock that the whole series of tests was 
duplicated in every respect, except, that one was treated with, and 
one without CO.. The results are therefore more certain be- 
cause the average of a dozen or more tests can be used in drawing 
conclusions. 


21 Mimminger, C. G., “ Commercial Devel. of Tenn. Phosphates,” U. S. Geol. 
Surv., Ann. Rept., pt. 4, p. 634, 1894-1895. 
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The CO, has very little effect on the amount of phosphorus 
taken into solution, whether from lean phosphatic limestone or 
from apatite. On the other hand as is well known the amount of 
lime leached is greatly increased by the passage of CO, through 
the liquid. This means that the concentration of phosphates is 
more likely to be in the residual surface beds in case CO, is 
abundant than in case it is sparingly present. 

The ratios given in the tables are shown graphically in Fig. 1. 
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Fic. 1. Proportion of material in solution compared to original rock. 


Consider first the treatment of solutions without CO.. It may 
be seen that while the original phosphatic limestone tested in the 
main series has only a small amount of P.O; the solutions derived 
from it without CO, contained 1 part P.O; to every 15 + 5 parts 
of CaO. It is noteworthy that apatite which contains a high per 
cent. of P.O; yielded a solution of similar content, viz, 1 part 
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P.O; to 11 parts of CaO. It might be assumed from this that if 
the original had contained 1 part P.O; to 15 parts CaO the leach- 
ing would have occurred without much change in proportion in 
the residue. Such a rock would be a lean phosphate rock with 
perhaps 5-10 per cent. P.O;. Leaching by water or ordinary 
salt solutions would probably make such a deposit neither richer 
nor leaner. 

The ratios of Table I. and Fig. 1 show that in the presence of 
an excess of CO, lime would be leached in amounts over 150 
times as great as P.O; in nearly all cases. Such action might 
continue until the residue was very greatly enriched in P.O;; for 
even the apatite with 41 per cent. P.O; lost a great deal more 
lime than P.O; by treatment with carbonated water. 

There is a notable exception, however, to this method of con- 
centration of phosphorus by carbonated water. When humic 
acids are present in the water its tendency to dissolve phosphorus 
is enough to overcome the tendency of CO, to leach lime from 
the phosphorus, the two going out together in large amounts. 


THE PROBABLE PROCESSES OF PHOSPHATE ENRICHMENT. 


From these notes it seems to be indicated that the two types of 
enrichment of phosphate rock are determined mostly by the two 
solvents commonly present in solution, carbonic acid on the one 
hand, and the humic acids on the other. The presence of sodium 
chloride or other salts seems to be relatively unimportant. Sul- 
phuric acid may take some part, but is probably a factor in only 
a few places. 

Carbonic acid in waters favors the leaching of lime from the 
phosphorus and has probably formed most of the residual phos- 
phate deposits. This process may develop rich phosphate beds. 

Humic acids dissolve phosphorus in much larger amounts than 
other agents tried, probably in larger amounts than any other 
widely distributed natural waters. The organic acids from de- 
caying guano may be of similar activity. Residually enriched 
phosphates are least likely to form where humic acids predomi- 
nate over carbonic acid. Solutions of phosphorus in humic acids 
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are known to react with calcium carbonate to precipitate the 
phosphorus.”” No experiments are known which would indicate 
how rich a phosphate deposit might form in this way, but the 
process must be progressive and there is little reason to think that 
it would be stopped before the replacement of carbonate by phos- 
phate was practically complete. 

The process of enrichment by precipitation from solutions 
which leached higher beds is here discussed under the heading of 
humic acids, because humic acids are the best solvents found. It 
is possible, however, that even the smaller amounts of phosphorus 
leached by the other solvents may be deposited at lower levels. 
Such action may be expected from even pure water, or dilute salt 
waters, when free from carbonic acid. The action will be four 
or five times as rapid, however, when organic acids are at work. 

It might even be suggested that a carbonated water that has 
dissolved much lime and a little phosphorus would precipitate its 
phosphorus and dissolve more lime when it stood in contact with 
carbonate rocks at ground water level. It is not clear, however, 
why the action should be different at the two places.** No en- 
richment at lower levels by carbonated waters seems to be indi- 
cated in these experiments. The loss of CO. would hardly be 
sufficient to cause deposition of phosphorus, because there is little 
difference in the amount dissolved when CO, is present, or absent. 


REVIEW OF SOME PROMINENT ROCK PHOSPHATE DEPOSITS. 


The purpose of this inquiry is to ascertain whether the deposits 
of rock phosphate give evidence of the difference in processes 
suggested by the experiments on carbonated and humus bearing 
waters. 

1. Where humic acids have predominated as under peat bogs, 
the surface zone should be leached of phosphorus and the rich 
beds should be deeper. 

2. Where carbonic acids have predominated the lime should 
be leached, leaving the phosphate in a concentrated condition as 
a residual deposit. 


22 Reese, C. L., op. cit., p. 405. 
23 Eldridge, G. H., op. cit., p. 216. 
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Climate should have some effect in determining which of the 
two solutions would be the predominating factor in any particular 
case of enrichment. However the effect of the solutions may be 
expected often to overlap and grade into one another giving rise 
to both types of enrichment in the same deposit. As is well 
known CO, is generated in large amounts in warm humid regions, 
but it goes mainly into the air, relatively small amounts being 
taken into solution since warm water absorbs less CO. than cold 
water. On the other hand warm humid regions should generate 
more humic acid than the cold or dry climates, due to the abun- 
dance of rainfall and swamps, as illustrated by Florida. On ac- 
count of this dominance of humic acid over CO, the tendency 
would be to enrich the phosphate deposits by solution and re- 
deposition rather than by the leaching of valueless material. 

Residually enriched phosphate deposits are more likely to be 
found in the colder or dry climates. There, the waters that are 
more highly charged with CO, might predominate, thus leach- 
ing the lime more rapidly than the phosphates. However, 
swamps are common in the colder regions and the two types of 
deposits may be found in the same general district, as in Tennes- 
see. Since a decrease in the temperature of a solution decreases 
its solvent action on the phosphates ** there may be a slight tend- 
ency for this action to effect phosphate enrichment, but at best it 
would be a minor factor. 

Tennessee.—The brown phosphates of Tennessee have appar- 
ently been formed through the leaching of the phosphatic Ordovi- 
cian limestone, by carbonates and other organic acids.** In the 
light of the present experiments it seems that the leaching of cal- 
cium carbonate is due to the action of carbonic acid solutions on 
the limestone without the aid of organic acids. 

The white phosphates of Tennessee on the other hand show 
that they have been deposited from solutions *° derived from the 

24 Cameron, F. K., and Hurst, L. A., op. cit., p. 904, 1904. 

25 Phalen, W. C., “ Phosphate Rock,” U. S. Geol. Surv., Min. Res., pt. 2, p. 
868, 1912. 


26 Phalen, W. C., op. cit., Hayes, C. W., “ The Tennessee Phosphates,” U. S. 
Geol. Surv., 16th Ann. Rept., pt. 4, pp. 610-630. 
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leaching of phosphorus from the phosphatic Carboniferous lime- 
stones. It seems logical to infer that organic acids are responsi- 
ble for this leaching of phosphorus, with its redeposition as a re- 
placement of calcium carbonate in depth. No apparent reference 
has been made as to whether any marshes or swamps existed in 
this area to supply the necessary organic acids during the period 
of leaching. It would be interesting if evidences of such swamps 
could be found. here. The fact that these white phosphates are 
found only in a comparatively small area might suggest that there 
were swamps in this localized district to generate the necessary 
organic acids. 

Florida.—The hard rock phosphate of Florida is thought to be 
the result of leaching of phosphatic limestones.** Some phos- 
phate, however, has clearly been deposited from solution in 
cavities in the limestone replaced. The fact that enrichment of 
phosphates by leaching as well as from solution has taken place 
indicates that there might have been climatic changes to affect 
the character of the leaching waters. For example carbonated 
waters were probably responsible for the leaching of the lime and 
residual concentration of phosphates, while the organic acids dis- 
solved the phosphates at the surface and deposited them at depths. 
The great number of swamps in Florida at the present time 
generate a large amount of these organic acids. It has been 
shown by Harper ** that many of the lakes and streams are colored 
by these acids in solution. In the light of the present experi- 
ments it seems likely that the present conditions existing in 
Florida are those necessary for the solution and redeposition of 
the phosphates. 

The soft rock phosphate which occurs around the bowlders of 
hard rock phosphate are clearly a result of the leaching of the 
lime leaving the phosphorus in an unconsolidated condition. 
Such action probably was the result of carbonated waters. 

South Carolina.—Sloan * estimates that the upper part of the 

27 Eldridge, G. H., op. cit., Phalen, W. C., op. cit., p. 865. 

28 Harper, Roland M., “ Preliminary Report on Peat,” Fla. Geol. Surv., 3d Ann, 
Rept., p. 241, 1910. 

29 Sloan, Earle, S. Carol. Geol. Surv., 4th Series, Bull. 2, p. 333, 1908. 
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Cooper marl before leaching contained 3 per cent. phosphate. 
After weathering it was enriched by the leaching of lime probably 
through the agencies of carbonated waters. After this leaching 
of lime and concentration of phosphorus, submergence took place 
and the Edisto marl was laid down, later to be covered with 
phosphatic material before reélevation. 

After reélevation considerable areas became marshes and as 
Rogers ** suggests carbonated waters leached out most of the 
carbonate. Conditions probably changed somewhat from time 
to time, changing the character of the solutions from carbonated 
ones to those containing organic acids. It is probable that these 
changes are responsible for the secondary enrichment of these 
phosphate deposits by deposition from such organic solutions at 
depth. 

Kentucky.—The brown phosphates of Kentucky lie near the 
surface and are the result of secondary concentration of the phos- 
phatic material by the leaching out of calcium carbonate from a 
lean phosphatic limestone.** The occurrence of these deposits 
indicates that they were probably formed in a way similar to 
those of Florida, South Carolina and the brown phosphates of 
Tennessee, by the leaching action of carbonated waters. 

Western United States.—It is suggested ** that the western 
phosphates may have a similar origin to the brown phosphates of 
Tennessee, but the evidence of such concentration is not at all 
clear. They are probably a combination of originally bedded 
deposits which may have been enriched by later chemical action. 

It is suggested by Mansfield ** that carbonated waters were the 
dominant factor in the formation of these deposits. He con- 
cludes that during Permian time the waters of the ocean were 
highly charged with CO., thus dissolving most of the calcium 
carbonate from the dead phosphatic marine forms. However, 
the phosphatic material being only slightly soluble in such solu- 

30 Rogers, C. W., op. cit., p. 206. 

31 Phalen, W. C., op. cit., p. 873. 

32 Phalen, C. W., op. cit., p. 863. 


33 Mansfield, G. R., “ Geog. Geol. and Min. Rec. of Fort Hall Indian Res.,” 
U.S. Geol. Surv., Bull. 713, p. 110, 1920. 
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tions did not dissolve, but settled to the bottom of the ocean thus 
developing the extensive western sedimentary phosphate deposits. 

Northern Africa.—The deposits of Tunis, Algeria, and Egypt 
are analogous to those of the Western United States in origin.* 

Ocean Island.—In the deposits of Ocean Island, which have 
recently been studied with care, the theories of origin of the 
guano deposits are reviewed and discussed by Owen ** in a very 
careful and detailed piece of work. He concludes that the phos- 
phorus was leached from the guano and carried downward where 
it reacted with the calcium carbonate to form the Ca;(PO,).. It 
seems likely from the work here reported that the organic acids 


> 


from the decaying guano are responsible for the leaching of the 
phosphates from the surface. However, Owen believes that the 
loss of CO, from the solutions caused the deposition of the so- 
called translucent phosphates. In the light of the present experi- 
ments this does not seem likely since solutions free from CO, 
carry as much phosphorus as those charged with it. The solu- 
tion carrying down the phosphorus was probably acid from the 
decaying organic matter rather than from CO, and such solutions 
would lose their power to hold phosphorus when they stood in 
contact with calcium carbonate at water level. 


CONCLUSIONS. 

1. Humic acids are probably the best natural solvents of phos- 
phorus, although other solutions have sufficient solvent action to 
form phosphate deposits. 

2. CO, solutions dissolve phosphorus and calcium in the ratio 
of approximately one part of P.O; to one hundred parts of lime. 

3. It is not necessary to have CO, solutions or humic acid solu- 
tions, as so often suggested, to dissolve phosphorus to form 
either residual deposits or deposits from solutions. Even pure 
water will dissolve some phosphorus and lime. 

4. Solutions free from CO, leach a larger proportion of phos- 

34 Mansfield, G. R., of. cit., p. 110. 


85 Owen, L., “ On the Phosphate Deposits of Ocean Island,” Quarterly Jour. of 
Geol., vol. LXXIX., part 1, No. 313, pp. 11-13, 1923. 











334 WILLIAM A. P. GRAHAM. 


phorus than lime from a lean phosphate rock, while they leach a 
larger proportion of lime than of phosphorus from a rich phos- 
phate rock. 

5. In cases of enrichment of lean phosphate rock residual de- 
posits are to be expected when CO, solutions are active. 

6. Deposits enriched by solution and redeposition are to be ex- 
pected when organic acids are active. 

UNIverSITY oF MINNESoTA, 
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INTRODUCTION. 


The reader may well inquire the reason for the appearance of 
another paper on the Adirondack magnetite deposits in view of 
the contributions of Kemp, Newland, Miller and Nason,’ but 
those who have followed the recent discussions regarding the 


1 Published with the permission of the Director of the New York State Mu- 
seum, Albany, N. Y. 
2Kemp, J. F., “The Geology of the Magnetites near Port Henry, N. Y. and 
especially those of Mineville.” Trans. Am. Inst. Min. Eng., vol. XXVII., 
PP. 147-203, 1897 (1898). 
Kemp, J. F., N. Y. State Mus. Bull. 119, pp. 57-88, 1908; 138, pp. 97-149 
IQIO. 
Newland, D. H., N. Y. State Mus. Bull. 119, 1908; Econ. Grot., vol XV., pp. 
177-180, 1920; Econ. GEox., vol. XVIII., pp. 291-296, 1923. 
Miller, W. J., “ Magnetite Iron Ores of Clinton Co., N. Y.,” Econ. GEot., vol. 
XIV., pp. 509-535, 1919. “ Origin of Adirondack Magnetite Deposits,” 
Bull. Geol. Soc. Am., vol. XXXII., pp. 63-64, 1921. Econ. GEot., vol. 
XVI., pp. 226-233. 
Nason, F. L., “ The Sedimentary Phases of the Adirondack Magnetite Iron 


Ores,” Econ. GEox., vol. XVII., pp. 633-654, 1922; Econ. GEoL., vol. 


XIX., pp. 288-295, 1924. 
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genesis of these important ore bodies in Northern New York 
may reach the conclusion that there is a hopeless disagreement 
among those who have studied these deposits. It is because I 
feel that much of this disagreement is more apparent than real 
when the literature is summarized and further petrographic stud- 
ies undertaken that this paper is here offered. 
Acknowledgments.—I am greatly indebted to Professor Kemp 
and to Mr. Newland for aid in understanding the field relations 
of these deposits. They have freely discussed with me the sub- 
ject of origin. I also wish to thank Professor R. J. Colony for 
the exchange of views regarding the magnetite deposits in South- 
eastern New York, and the comparison of those ore bodies with 
those in the Adirondacks. I am under obligations to Frederick 
W. Apgar who has kindly furnished a manuscript report on the 
petrography of the iron ores of the Champlain district. 


THE COUNTRY ROCK. 


In former years geologists called the country rocks gneisses, 
as they are, but found it exceedingly difficult to reach any definite 
conclusion as to whether they were igneous or sedimentary. 
They realized that they were distinctly banded and that the folia- 
tion was roughly parallel to the ore bodies themselves, thus, one 
may understand why some observers regard them as ancient 
sediments. But with the minute examination of the country rock 
with the microscope and Cushing’s recognition of the syenite 
series, we now realize that they are in major part of igneous 
origin. I say “in major part’ igneous for there is very definite 
evidence that they are not pure simple igneous rocks, but in 
many cases they are of composite nature. 

The mineralogy of these country rocks varies somewhat from 
place to place, but they are essentially low quartz-bearing soda 
syenites to soda granites. The different Adirondack geologists, 
however, might use a local.or special term for this important 
rock. It is the Lyon Mountain granite of Miller, it is the syenite- 
granite series of Cushing, it is the soda granite, and the ore-for- 
mation granite of my nomenclature. In all cases it is essentially 
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the same rock under different names. The striking features of 
the rock consists of the relation of the feldspars to each other, 
the high magnetite content in certain localities, and the soda 
bearing character of the pyroxene. The characteristic feldspar 
is a perthite—an intergrowth of soda rich and potash rich feld- 
spars. In most of the rock there is a higher percentage of the 
soda rich phase. Oftentimes in addition to perthite, microcline 
and oligoclase appear. Locally the perthite entirely fails and 
the two last mentioned feldspars take its place. From a careful 
study of this rock and its feldspathic content, it is clear that there 
is no marked difference in composition between the perthitic type 
and the microcline-oligoclase type. It is because the microscopic 
examination reveals such striking differences that these rocks are 
called by different names, accounting for some of the apparent 
confusion. 

The wall rocks of the Adirondack magnetite deposits have 
been compared with those of Sweden by Newland:* “ At Gel- 
livare . . . no sedimentary gneisses are recognized in the vicin- 
ity. The general impression gained . . . indicates close re- 
semblance to the ore-bearing syenitic gneisses in the northern 
Adirondacks, particularly Lyon Mountain, Palmer Hill and 
Arnold. . . . Mineralogically and chemically the two series are 
very similar. Both are characterized by high soda percentages, 
which place them in the soda-syenite class, the prevalence of 
perthitic and acid plagioclase feldspars, and by relatively large 
amounts of . . . magnetite, which has, however, a very unequal 
distribution due to its tendency to aggregate in bands and schlieren 
surrounded by rock containing less than the average proportion of 
magnetite.” Speaking of the wall rock of Palmer Hill, New- 
land * adds that “ In its mineral and chemical properties the rock 
belongs to the general type of soda-rich granites and syenite that 
have come to be known as the predominant magnetite-bearing 
rocks the world over.” Miller ° apparently disagrees with New- 


3 Newland, D. H., “ Notes on the Geology of the Swedish Magnetites,’ N. Y. 
State Mus. Bull. 149, 1911, p. 110. 

4 Newland; D. H., Econ. Geot., vol. XV., p. 180, 1920. 

5 Miller, W. J., Econ. Geor., vol. XVI., 1921, p. 232. 
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land about the soda-rich character of the wall rock, when he 
says: ‘Nor is such granite especially soda-rich as Newland 
claims, certainly not more so than the ordinary syenite and gran- 
ite of the Adirondacks in general.’ It is true that they are not 
astonishingly high in soda but they are soda-rich when compared 
with the usual run of granites from other localities. Their soda 
rich character led Cushing ° to compare them with the Norwegian 
akerites. ‘‘ While some of our rocks could be referred to as such, 
the majority of them are more akin to the nordmarkite series.” * 
Kemp and I have classified the syenite-granite series as ranging 
from laurvikites, through nordmarkites, quartz nordmarkites, to 
soda granites. I feel that there is not as much difference between 
Newland and Miller as the latter’s papers would indicate. 

Leith’s editorial on “ field vs. laboratory evidences in the identi- 
fication of metamorphic rocks” * and the discussion of Miller ° 
Nason *® and Newland” relative to the nature of the country 
rocks of these magnetite deposits call our attention to the prob- 
lem of their origin. Leith is unquestionably correct in laying 
stress upon field evidence as opposed to laboratory work. How- 
ever, I seriously doubt the correctness of his advocacy of the 
sedimentary origin of the country rock of the Mineville district. 
He is, as he himself says, influenced by his extensive experience 
in the Lake Superior region. Perhaps the difficulty arises more 
from our insistence that a rock must be either igneous or sedi- 
mentary rather than in the actual rocks themselves. An excel- 
lent illustration is the comparison of two papers by Kemp” 
covering an interval of ten years. The early paper, to which 
reference is seldom made, presents in many respects a more satis- 

6 Cushing, H. P., “ Augite-syenite Gneiss near Loon Lake, N. Y.,” Bull. Geol. 
Soc. Am., vol. X., pp. 177-192, 1899. 

7 Kemp, J. F., and Alling, H. L., “ The Geology of the Ausable Quadrangle,” 
N. Y. State Mus. Bull. (in press 1924. Mss., p. 54). 

8 Leith, C. K., Econ. Gror., vol. XVIII., pp. 288-290, 1923. 

9 Miller, W. J., Econ. Geot., vol. XVIIL., pp. 709-713, 1922. 

10 Nason, F. L., Econ. GEot., vol. XVII., pp. 633-654, 1922. 

11 Newland, D. H., Econ. Grot., vol. XVIII., p. 291-296, 1923. 

12 Kemp, J. F., “ The Geology of the Magnetites near Port Henry, N. Y., and 


especially those of Mineville,” Trans. Am. Inst. Min. Eng., vol. XXVIL., pp. 146- 
204, 1898; N. Y. State Mus. Bull. 119, p. 57-88, 1908. 
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factory conception of the actual conditions, as I see them, than 
many of the more recent papers. Kemp sought a satisfactory 
explanation of the origin of these ore bodies when ideas regard- 
ing metamorphism of both igneous and sedimentary rocks were 
in their infancy. The rocks were all “ gneisses.” Having given 
the name “ gneiss ” to them it seemed to satisfy both the investi- 
gator and the reader, and so it did at that time. Kemp has very 
carefully described the country rock and skillfully pointed out, by 
the use of local names ** the varieties and gradations to be found. 
By listing the minerals as revealed by the microscope for each 
“gneiss” the gradation from one extreme to the other is shown 
and supplements the field observations. One reading between the 
lines of this earlier paper, today may see that the gradation is 
from pure igneous rocks to undoubted sedimentary types. These 
intermediate rocks are syntectics of the geologist today. In his 
later paper, published in 1908, Kemp, because of the recognition 
of the syenite series in the Adirondacks by Cushing and the 
“basic”? gabbros by himself, abandoned his local names and 
called the country rock of the magnetite bodies syenite. The 
ability to distinguish between the syenites on one hand and the 
Grenville series of sediments on the other truly marked an ad- 
vance. But because the newer conceptions called for a separation 
between igneous and sedimentary rocks the gradation of the early 
paper is not so well emphasized. 

From that time until Nason’s papers ** the majority of workers 
have assigned an igneous origin to them. In this group we note 
Kemp, Newland,** Miller ** and the writer.** Gradually the 

13 The “ 21 Gneiss,” “ Orchard Gneiss,” “ Barton Gneiss ” and “ Gabbro Gneiss.” 
See N. Y. State Mus. Bull. 119 for Kemp’s own correlation of these local names 
with the now recognized terms. 

14F, L, Nason, Econ. Geot., vol. XVII., pp. 633-654, 1922; XIX., pp. 288- 
295, 1924. 

15 Kemp, N. Y. State Mus. Bull. 119 and 138. 

16D. H. Newland, N. Y. State Mus. Bull. 119; Econ. Geot., XV., 177-180, 
1920; XVIII., 291-296, 1923. 

17 W. J. Miller, Econ. Gerox., XIV., 509-535, 1919; Bull. Geol. Soc. Am., 
XXXII, 63-64, 1921. 


18 J. F. Kemp and H. L. Alling, “ Geology of the Ausable Quadrangle, N. Y.,” 
State Mus. Bull. (in press 1924). 
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conception of magmatic assimilation crept into the accounts of 
these rocks. Miller has carried the idea to an extreme in that he 
calls upon included or assimilated material as the actual source 
of the iron itself. 

In the early days geologists leaned strongly towards the belief 
that the country rock was sedimentary in origin. But the pendu- 
lum of opinion has swung to the igneous extreme; now it is 
swinging back again, and it will continue to oscillate between 
these until it is clearly recognized that the idea, contained in 
Kemp’s early paper, of gradation of rocks composed of both 
igneous and sedimentary materials constitute the country rock of 
these magnetite deposits. In some cases the country rock is 
dominantly igneous, as it is on Lyon Mountain, Arnold and 
Palmer Hills; others are intermediate. Newland has well brought 
out the fact that a classification of the wall rock into either 
igneous or sedimentary types is, at certain localities, exceedingly 
difficult. He says:*® “One may draw the line between typical 
Grenville and typical syenite, or granite, fairly easily. There is a 
goodly residuum of materials, however, that are not typically the 
one or the other, but if anything a blending of igneous magma 
and sediments due to the partial or complete assimilation of the 
latter in invading rock.” This conception of sedimentary ad- 
mixture in the igneous rocks, that is, rocks composed of both 
igneous and sedimentary matters, has been appreciated by all the 
geologists who have studied the magnetite deposits of the state. 
’ description of the ‘ Barton’ Gneiss suggests that he 
had a suspicion in 1897 that the Grenville sediments had been in- 
corporated into the rock. All later writers have amplified and 
extended this conception.” 

Nason ”* furnishes diamond drill core records, which to me can 
best be explained by assimilation or magmatic replacement of 
Grenville rocks. 

19 Newland, D. H., Econ. Gror., vol. XVIII., p. 295, 1923. 


Kemp’s * 


20 Kemp, J. F., Trans. Am. Inst. Min. Eng., vol. XXVII., 1897, p. 34 of reprint. 


21 References to the literature are too extensive to be given. Smyth, Kemp, 


Cushing, Ogilvie, Miller, Martin, Buddington and I have expressed the idea. 


See Am. Jour. Sci., (5) vol. VIII., pp. 12-32, 1924. 
22 Nason, F. L., loc. cit., pp. 633-654. 
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Structure of the County Rock.—All observers agree that the 
bodies, variously described as pods, lenses, shoots, zones, or 
bands,” are roughly parallel to the foliation of the inclosing rock. 
Some have emphasized this more than others. Some say that 
the parallelism is perfect, others that it is only approximate. In 
explanation of the foliation there is a wide difference of opinion. 
The various theories are briefly discussed below and summarized 
in Table I. 

The early geologists held that the foliation of the igneous rocks 
in the Adirondacks was due to severe metamorphism after they 
had crystallized. Thus the banded ortho-gneisses owed their 
structure to dynamic disturbances which affected the area after 
they had solidified. 

Miller ** on the other hand, believes that the foliation of the 
wall rock is due to magmatic flowage during crystallization of 
the granite. He denies any severe orogenic disturbance, (di- 
astrophism) before or since. This view marks a complete de- 
parture from the older ideas. It is believed by the majority of 
the Adirondack geologists, that this seems too extreme to be ac- 
ceptable. If some, but not all, of the foliation should be ascribed 
to flowage, many would be willing to agree with him. Miller’s 
claim that the Grenville strata has never been severely folded or 
compressed has caused some to question his proposed theory of 
the origin of the foliation of the igneous rocks. Nevertheless I 
am inclined to the view that some foliation can be adequately ex- 
plained by assuming magmatic flowage. But I am convinced 
that a large share of the foliation with which we are here con- 
cerned is due to other causes. 

Colony,” following the work of Berkey in the Highlands of 
the Hudson, believes that the structure of the inclosing wall rock 
of the magnetites of Southeastern New York is an inherited one. 
He holds that the Grenville ** has experienced profound meta- 


23 In a true sense no word expresses the real conditions. “Ore zone” is my 
preference. 

24 Miller, W. J., Jour. Geol., vol. 24, 587-619, 1916. 

25 Colony, R. J., N. Y. State Mus. Bull. 249-250, 1923. 

26 There seems to be ample evidence that the old sediments in the Hudson 
Highlands can be correlated with the Grenville. 
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morphism, folding, faulting, and re-crystallization before the 
various intrusives entered. The structural planes, original bed- 
ding and secondary foliation, controlled the direction taken by 
the penetrating magmatic solutions; in soakings, saturations, and 
injections. 

A similar origin for the foliation of the Adirondack rocks has 
recently been advocated: that the foliation of the rocks situ- 
ated beneath a sedimentary cover is a superimposed one. Colony 
used the term “inherited structure”; I used “ superimposed 
foliation’; two ways of expressing the same idea. 

Applying this conception to the magnetite belts the parallelism 
of the ore and the foliation of the inclosing syenite-granite-Gren- 
ville syntectic wall rock can be explained. The ore bodies, I be- 
lieve, are in part at least replacements of the magma-saturated 
Grenville (and perhaps metagabbro) roof fragments and xeno- 
liths. The presence of the replaced and perhaps assimilated 
Grenville has, in my opinion, a direct influence on the distribution 
and form of the ore bodies. This adequately accounts for the 
structure assumed by them, which Kemp has emphasized when he 
says:** “ The ores do certainly imitate to a marked degree the 
folds and similar structures of stratified rocks. . . . If [the wall 
rock is] sedimentary, they must have been folded under such ex- 
treme pressure that the rocks flowed after the manner of viscous 
materials. . . . These folds are undoubtedly not essentially dif- 
ferent from others well recognized in regions of metamorphosed, 
sedimentary rocks.” I would point out that, according to my 
conception, “the ores . . . imitate ... . folds . . . of stratified 
rocks ” because they are, in part, replacements of roof fragments 
of highly folded Grenville sediments. This dependence of the 
incorporated Grenville upon the form and structure of the mag- 
netite deposits is my main contention. 

Newland apparently questioned this in 1920 for he says * that 
“admixture [of the granite] with foreign material seems to 
have no bearing on the distribution of the ores in general.” In 


27 Alling, H. L., Am. Jour. Sci., (5) vol. XIII., pp. 12-32, 1924. 
28 Kemp, J. F., N. Y. State Mus. Bull. 138, p. 128, 1910. 
29 Newland, D. H., Econ. Grot., vol XV., p. 179, 1920. 
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1923 *° he says that the ore zones and the granites and gneisses 
are elongated in the same direction, “an inheritance perhaps of 
an early defined line of weakness marked out in the old Gren- 
ville.” He has developed a conception, given below, so similar 
to the view here stated that it is interesting to note that he reached 
the same conclusion independently. He says: ** “ Much of this 
apparent foliation is really original pressure effects or magmatic 
flowage in conformity with the cooling surfaces, and not a second- 
ary gneissic structure. In the case of sills that have penetrated 
along the bedding of Grenville schists, there results a conform- 
able arrangement between the foliation of the granite or syenite 
and the schistosity or bedding of the sediments, which have had 
a directive influence upon the course of the magma. In other 
words the latter has molded itself to the former.” Miller ** dis- 
agrees with Newland’s 1920 statement. I would be more will- 
ing to join with Miller in his disagreement if Newland had not 
given us his newer (and to me a very significant) conception, a 
statement which has appeared since Miller voiced his lack of 
belief. 

If we compare the conceptions of the origin of the foliation of 
the country rock offered by Newland in 1923 and Miller in 1916 
and again in 1919 we are impressed with many points in com- 
mon. Newland calls upon magmatic flowage controlled by the 
presence of the foliated Grenville. Miller emphasizes flowage 
alone. Colony and I have been impressed by the inheritance 
from the Grenville. Apparently all are more or less in agree- 
ment, some stressing one factor, others still additional ones. 
Perhaps in our desire to present a simple conception we have 
over-emphasized one factor and ignored or neglected others. 
The truth may be that all the factors have been instrumental. 

Nason, appreciating this parallelism of the foliation of the wall 
rock and the ore as a practical guide in the exploration for ad- 
ditional ore reserves, their conformity to the structural behavior 


30 Newland, D. H., Econ. Grot., vol XVIII., p. 295, 1923. 
81 Newland, D. H., Econ. Geor., vol. XVIII., p. 294, 1923. 
32 Miller, W. J., Econ. GEot., vol. XVI., p. 230, 1921. 
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of the Grenville, and the distances along which the ore bodies * 
can be traced, suggests that the magnetite may be sedimentary. 
This is a very shrewd observation and cannot be criticized in any 
dictatorial way. His long experience with the magnetite deposits 
in New Jersey as well as in New York deserves the respect of 
all geologists. 

My belief is that those who advocate an igneous origin, no 
matter what the actual processes may be, have not fully utilized 
Nason’s observations. That is to say: (1) The structure of the 
wall rock is of sedimentary origin, (2) The composition of cer- 
tain bands in the wall rock is sedimentary, (3) But the ore is, I 
believe, of igneous origin. 


TABLE I, 


THEORIES OF THE FOLIATION OF THE CouNTRY Rocks OF THE MAGNETITE DEPOSITS. 





I 2 3 4 | 5 
Kemp, 
Newland,* Miller. Colony. Nason. Alling. 
Cushing, 


Ogilvie. 





Secondary, due | Primary, due to | Inherited struc- | Primary, due, | Chiefly superim- 


to regional magnetic ture derived in part, to| posed from 

metamorphism flowage during| fromstructure| original Grenville and 
after igneous crystalliza- of Grenville. sedimenta- to minor de- 
injection. tion. tion. gree to mag- 








matic flowage. 








* Newland in 1923, “ Magmatic Flowage along Schistosity of Grenville Sedi- 
ments.” 


Pegmatites.—There is general agreement that the magnetite 
and the wall rocks are seamed and intricately cut by numerous 
pegmatites, veindikes, silexite dikes, and quartz veins. They are 
of various compositions and ages. Kemp calls particular atten- 
tion to the beautifully crystallized minerals found in them. 
Palmer Hill is, as Newland has pointed out, noted for its fluorite 

33 The ore bodies themselves are not continuous over any great distance. The 
lenses, pods or zones lie at various depths and often overlap, pinch, and swell, 


and locally are strung together by zones of lean ore. The greatest distance that 
ore zones are known to extend is about thirteen miles. 
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granite. Tourmaline, allanite, zircon and other pegmatitic min- 
erals have been listed and described.** 

Kemp stated that the pegmatites were associated with the origin 
of the magnetite. He says:* “... Streaks of pegmatite run 
parallel with the general foliation and . . . give the impression 
of having been intimately involved with the ore at the time of 
formation. . . . They are strongly suggestive of . . . the ex- 
piring stages of some intrusive mass. . .. If . . . we connect 
them with the ore, they must mark an attendant phase of its 
separation.” Miller has emphasized pegmatites as the transport- 
ing and concentrating agents of the magnetite. 

Kemp states that there are some coarse grained hornblendic *° 
pegmatites containing “ coarse crystalline magnetite.” Miller has 
found on Lyon Mountain “ what appear to be true dikes of practi- 
cally pure magnetite.” ** His observation collaborates Kemp’s 
early statements. Magnetite in quartz veindikes occurs on 
Palmer and Arnold Hills.** The advocate of magma derived 
ores has no difficulty in believing that the veindikes represent late 
stage or deuteric development of the intrusive, and is not dis- 
turbed by a difference in the composition of this late stage- 
magnetite from the previously deposited magnetite that consti- 
tutes the ore bodies. Nason, because of difference in experience 
and training, is “inclined to be skeptical as to a common origin 
. . . The dike ore is certainly secondary to its rock host.” * 
What is proof to one may not satisfy another. 

34 See Whitlock, H. P., N. Y. State Mus. Bull. 107, pp. 55-96, 1907; Ries, H., 
N. Y. Acad. Sci. Trans., 1898, vol. 16, p. 327-29; Dana, E. S., Am. Jour. Sci., 
1884, Pp. 479. 

35 Kemp, J. F., N. Y. State Mus. Bull. 138, p. 125-6, 1910. 

36 It may be that in the majority of cases they are really pyroxenic rocks. 

37 Nason, F. L., Econ. Grot., vol. XIX., p. 292, 1924, would prefer to call them 
“ pegmatites.” Spurr would call them “ veindikes.” Miller uses the term ‘ 
cally pure magnetite,” which Nason, naturally interprets to mean a possible mill 
ore. Analysis shows 6.66 per cent. Ti. This is not a commercial ore. Miller 
wishes to convey the impression that the veindike was chiefly composed of quartz 
and magnetite. The latter turned out to be titaniferous. 

38 Polished pieces show that this magnetite is martitic. It is believed that 


martite can dissolve a titanium compound. 
39 Nason, F. L., Econ. Geo., vol. XIX., p. 292, 1924. 
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Continued study of the Palmer and Arnold Hill mines has re- 
vealed that there are two contrasted types of pegmatites. One 
is decidedly acid; composed of quartz and potash rich feldspar, 
frequently with magnetite. The other type is more basic; con- 
taining quartz, microperthite, oligoclase and either pyroxene or 
hornblende together with magnetite. Each type is cut by the 
other, indicating simultaneous development of the two kinds. 
They frequently follow the general foliation of the wall rock, as 
Kemp noted long ago. It is believed that this gives a clue to the 
mode of differentiation of the magma, which is considered the 
source of the magnetite. It indicates, I believe, that two con- 
trasted differentiates separated. Colony,** in describing the mag- 
netites of southeastern New York states that after the first dif- 
ferentiated portion had been formed “ subdifferentiation of the 
concentrate itself [took place], into pegmatite-rich and magnetite- 
rich fractions.” I am inclined to accept this view and apply it to 
the Adirondacks. 

“ Foreign” Rocks in the Wall Rock.—As has been stated 
above, the wall rock is believed to be a syntectic, that is, composed 
of an igneous rock, a member or phase of the syenite-granite 
series, and assimilated or replaced older rocks. It is also be- 
lieved that the bulk of the absorbed rock is Grenville. Cook Hill 
rocks contain considerable biotite,*® which is considered to indi- 
cate absorbed Grenville. A few cores of unassimilated xenoliths 
have been found on Arnold Hill. Slides'cut from rock-dump 
material on Palmer Hill suggest the same thing. Some of the 
absorbed material can with certainty be identified as Grenville. 
Much of it, however, cannot positively be ascribed to that series. 
The finding of basic rocks throughout the Adirondacks which 
can be called “ metagabbros”’ strengthens the belief that the wall 
rocks have absorbed and digested metagabbro masses as well 


40 This expression covers orthoclase, microcline, soda orthoclase, soda micro- 
cline and hypoperthite. Frequently the feldspar contains flakes of hematite 
furnishing a pink or reddish color to the mineral. 

41 Colony, R. J., loc. cit., p. 70, 1923. 

42 Newland, D. H., N. Y. State Mus. Bull., 119, p. 103, 1908. 
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(see Fig. 1, H). This is in perfect agreement with Miller’s con- 
clusions. 

The variable composition of the Grenville series and the degree 
to which individual beds have been incorporated produces a pro- 
fusion of different aspects. It is thus possible that a great many 
mineral combinations can be found in the wall rocks. 


NOMENCLATURE, 


Great difficulty is experienced in synthesizing the literature be- 
cause of lack of uniformity in the use of words. This is to be 
expected. Nason does not use the same terms as Kemp, New- 
land, or Miller. He referred to the “ gabbro ” at Ausable Forks. 
In all probability he means the dark green augite syenite. The 
nature of the feldspar is not easily determined by the hand speci- 
men alone. “ Basic syenite” might be substituted for some of 
Nason’s “ gabbro”’ but not all of it. Nason suggests that his 
gray gneiss, the wall rock of the ore bodies, may be a derivitive 
of “ gabbro.” He probably means “ basic syenite.”” Nason has 
confused “ black rock,” amphibolite, basic syenite and syenite- 
granite-Grenville syntectic. What his “black rock” is I don’t 
know. It may be a number of things. Nason** says: “ the 
‘black rock’ of the writer [Nason] may be the ‘ amphibolite’ of 
Kemp and Newland and this, in turn, according to these authori- 
ties, is a dark pyroxene phase of the typical green syenites.” This 
complicates matters. True amphibolites, as the names indicate, 
are amphibole bearing rocks, not pyroxene rocks. From my ac- 
quaintance with Professor Kemp and Mr. Newland and their 
papers, I should judge that Nason has incorrectly correlated his 
“black rock.” His statement means very little. 

Another of Nason’s statements that is difficult to understand 
is that if the “ black rock ” is the amphibolite of Kemp and New- 
land, “the gray gneiss cannot be a metamorphic phase of the 
syenite, since a phase of the syenite is intrusive in the gray 


gneiss.” ** If the gray gneiss is a syenite-granite-Grenville syn- 
43 Nason, F. L., Econ. Grot., vol. XVII., p. 643, 1922. ° 


44 Nason, Fi L., Jdem, p. 641. 
24 
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tectic, why cannot a slightly later phase of the syenite series, a 
granite, cut it without throwing the gray gneiss out of the syenite 
category? The syenite has been observed in numerous places cut 
by itself, although I have never seen it in the neighborhood of 
the mines. The pegmatites are believed to have been derived 
from the syenite magma and yet they cut the syenite. Conse- 
quently I feel very confident that Nason is not justified in criticis- 
ing Kemp and Newland in mapping the “ nontitaniferous mag- 
netites ” in the syenite-granite series. 

He further says: “ if the gray gneisses are intrusive, they must 
be older than the syenites. That the gray gneisses are older than 
the gabbros and anorthosites there is no possible question.” This 
is a puzzling statement. If the gray gneiss is a syntectic, as I 
hold, the remark that “if they are intrusives”’ refers, I take it, 
to the igneous phase of the rock and not to the sedimentary phase 
(to use Nason’s own expression), then Nason is overstressing 
the fact that a “ phase of the syenite”’ cuts it. This is a matter 
of personal opinion. But to say a phase of the (igneous) syenite 
series is older than the anorthosites is probably incorrect. If, 
however, Nason is referring to the Grenville portion of the gray 
gneiss syntectic, I will readily agree. What is Nason’s “ gab- 
bro”? Is it the post syenite-granite gabbro, first recognized in 
the Adirondacks by Kemp? or a metagabbro? There are cer- 
tainly gabbros in the Adirondacks older than the syenite series. 

In view of the great difficulty with the nomenclature I have 
attempted to correlate the various terms used by the above writers 
with the results shown in Table II. 


CONTACT ROCKS. 


Palmer and Arnold Hills have furnished specimens that can 
be interpreted only as contact zone rocks; rocks produced by the 
chemical activity of igneous matters from an underlying magma 
upon sedimentary materials. Such rocks contain garnet, scapo- 
lite, titanite, diopsidic pyroxene and calcite. One specimen is an 
intergrowth of garnet and magnetite. The latter mineral is 
coated and veined with martite (see Fig. 1, G). It is suggested 
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CORRELATION OF 


TABLE II. 


THE ADIRONDACK Rocxs.45 








I 


2 





2 3 4 5 
Kemp, Newland & Miller, Nason, Alling, 
1897-8. Kemp, 1908-10. I9I9. 1922. 1924. 





Syenite Series 


Lyon Mtn. 
Gran. 


Gray Gneiss 


Ore-formation 
granite 





Hawkeye Gran. 


Syenite* 
(green) 


Soda Granite 


Syenite-Gran- 


ite (Quartz 
Normarkite) 





Syenite 





Orchard Gneiss 


Hammondville 


Diorite 


Basic Syenite* 
(Ti free) 


Syenite. (Nor- 
markite) 


Quartz Diorite 





Barton Gneiss 


Syenite-Granite 
Grenville 


Syenite-Gran- 
ite-Grenville 


Syenite-Gran- 
ite-Grenville 








mixtures Mixed syntectic 
Gneisses 
Basic Gabbro Basic Gabbro Gabbro Basic Syenite (Algoman) 
(titaniferous) gabbro 
some “‘gab- 
bro”’ 
Metagabbro (Laurentian) 


Gabbro Gneiss 





Hornblende Gn 
and 


Amphibolites 


Hornblende Gn 
and Amphib- 
olite 

Not recognized. 
(metagabbro) 





“Black Rock” 
in part. 

Metamorphosed 
Gabbro 








Metagabbro 


Grenville 
Paramphib- 
olite 


(Keewatin?) 
Ortho- 
amphibolite 





* Much of Nason’s “ gabbro” is unquestionably syenite and should be placed 


here. 


that some contact action (“contact metamorphism”) has taken 
place upon the Grenville and metagabbro that has been incorpo- 


rated into the syenite-granite. 


How extensive or important this 


activity was is not known and consequently it is uncertain how 


45 This is not a complete correlation of all of the Adirondack Rocks. 


Here 


are given only those which are regarded as involved with the origin and geology 
of the magnetite deposits. 
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Fic. 1. General Legend: QZ, Quartz. MI, Microcline. PL, Plagio- 
clase. PERTH, Perthite. CHL, Chlorite. HEM, Hematite. PY, Py- 
roxene. SER, Sericite. MR, Martite. GAR, Garnet. BIJ, Biotite. 
HB, Hornblende. LEU, Leucoxene. OR, Orthoclase. JAS, Jasper. 
Black, Magnetite (except in C). Magnification < 16. 

A. Ore-formation granite, Cook Hill Mines (1094b) showing late 
magnetite. 

B. Ore-formation granite, Cook Hill Mines (1092b) showing late 
magnetite. 

C. Soda-rich pyroxene in Ore-formation granite altering to hematite 
and chlorite. Palmer Hill (351). 

D. Microcline and plagioclase in ore-formation granite altered to seri- 
cite by aqueo-igneous solutions. Palmer Hill (353). 
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much emphasis it should receive as a factor in the ore-formation 
process. That it was a factor, however, there is no uncertainty. 
Although Kemp in 1897 referred to the ore as “ contact replace- 
ment deposits ” it is not clear whether the two statements amount 
to the same thing or not. 


MARTITE 


Newland has noted the ferric oxide mineral, martite, as a no- 
table constituent of the ore on Arnold Hill. In thin section, and 
illuminated by a Silverman lamp *° it appears bluish black, while 
magnetite under the same conditions is steel gray. Martite is 
decidedly less magnetic than magnetite. Apgar ** found that ex- 
perimental “ magnetic separations on small crushed samples were 
in some cases giving anomolous results at variance with the micro- 
scopic identification, . . . certain ores determined to be almost 
wholly martite showed magnetic qualities. . . . For this reason 
a special method of investigation was devised, the polished sur- 
face of the sample was scratched or abraded with a fine pointed 
diamond under the microscope. The appearance of the abrasion 
surface, the color of the fragments or powder produced by 

46 Manufactured by Ludwig Hommel & Co., Pittsburgh; Pa. It consists of an 
annular lamp of daylight glass encircling the objective, furnishing a cone of 
oblique light which is reflected up the tube of the microscope. 

47 Apgar, Fred. W., “ Petrographic Report on Suite of Rock and Ore Speci- 
mens from Lake Champlain District and Vicinity,” p. 95-96, Nov. 23, 1914. A 


copy now in my library. Acknowledgment is gratefully made to Mr. Apgar for 
permission to quote from this report. 


E, Late magnetite partially replaced by martite in ore-formation gran- 
ite. Arnold Hill mines (1468). ; 

F, Martite replacing microfaulted magnetite in veindike. Palmer Hill 
mines (351). 

G. Magnetite, coated and veined by martite, in garnet contact rock. 
Palmer Hill mines (3538). 

H. Introduced magnetite, replaced in part by martite, in metagabbro 
xenolith. Arnold Hill mines (1091C). Note that the magnetite that has 
replaced biotite has not been replaced by martite. 

I. Brecciated martitic ore, cemented by Jasper. Arnold Hill mines 
{ A-410). 
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scratching, and the magnetic qualities of the powder when tested 
with a magnetized needle were rather distinctive. . . . Mag- 
netite in all cases showed a dark steel gray abrasion surface, dull 
black powder or ‘streak’ and sirong magnetic qualities in the 
loosened fragments. . . . With martite the scratch powder or 
fragments, in some of the samples, proved to be non-magnetic, 
the abrasion surface being steel blue in color and the powder or 
‘streak’ dark red; this material was hard and compact, the other 
samples gave a variably magnetic powder, had somewhat lighter 
‘streak’ and abrasion surface and the mineral showed less co- 
herence, being softer and more brittle. 

“Tt is believed that the magnetic qualities of some of this red 
powder are due to finely disseminated . . . magnetite particles in 
the martite . . . and while this aggregate nature of the martite 
could not be confirmed by microscopic observation owing to the 
difficulty of obtaining a good plane surface polish still there would 
seem no question but that such is the case, in those samples giv- 
ing non-magnetic scratch powder the [mineral is regarded as pure 
martite without magnetite admixture].” . 

On Arnold Hill there are ore-bodies that consist chiefly of 
martite, the magnetite content being relatively small. One ore- 
body was called the “blue vein” because it was dominantly 
martite,** while other bodies close by are composed of magnetite 











TABLE III. 
RECAST OF ANALYSES OF ORES FROM THE ARNOLD-Cook Hitt District. 
I 2 | 3 
MEENE Los. Swi wiee ae Siew wows 69.55 -238 0.00 
MIMMAL. c.o05 i560 6S Sree eee 17.00 87.250 83.89 
SIM No aS i Saw ee eee .46 -779 -93 
MEMOS 5c cas ose a Cae Sea .123 aE 
SN eh Gk wlas mises as soe ee ee .065 .07 
ROUMRMMMESORMDIS Ses has 2 ovepencgs .OII 
eS ee ee .009 
OT eres eee 2.97 11.545 14.44 
99.800 100.000 99.44 














1. “ Blue Vein,” Arnold Hill. Mr. S. Le Fevre. 
2 and 3. Cook-Hill Ore. James Brakes. 


48 See Newland, D. H., N. Y. State Mus. Bull. 119, p. 98, 1908. 
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with little or no martite. Field studies fail to reveal an entirely 
satisfactory reason for this difference. A common, though not 
invariable, association is microfaulting and brecciation. Micro- 
scopic studies have shown martitic ores without brecciation. 
But brecciated ores in all the cases examined, are martitic. The 
inference is therefore reached that brecciation and microfaulting 
are functions of the formation or deposition of the martite. 

The mode of formation of the martite is not evident in the ex- 
tremely rich martitic bodies. The martite is associated with 
quartz, soda-rich feldspars, augite, hornblende, and the alteration 
products of these gangue minerals. Much of the martite lies in 
enbayments in, and holds inclusions of, quartz. It certainly is 
not an early deposited mineral. 

Better results are forthcoming from specimens that show both 
magnetite and martite. Here the martite is coating and veining 
the magnetite. Replacement of the magnetite by the martite has 
taken place (see Fig. 1). It is commonly assumed that the 
change of magnetite to martite is due to oxidation of the mag- 
netite. This view is undoubtedly based upon the similarity of 
the two formulas: Fe,O, and Fe.O;. Especially if the formula 
for magnetite is written FeO - Fe.O;.*° Thus 2FeO - 2Fe,0; + 
O = 3Fe.O; is suggestive of oxidation. But magnetite is not a 
mixture of ferrous and ferric iron; it is spinel—ferrous ferrate. 
Crystallographically they are distinct. 

The advocates of the oxidation theory have difficulty in finding 
the source of the oxygen. Some have regarded the change as 
secondary, having taken place near the surface, following long 
erosion. 

Newland °° has recently suggested that the martite was derived 
from the basaltic (diabasic) dikes that cut all the other Precam- 
brian rocks. He sought a basic intrusive as the most likely rock 
to have furnished it. I believe that Newland’s suggestion is 
probably incorrect as I have found no real relation between the 


49 This form is necessary when a chemical analysis is recast but I believe that 


an erroneous idea is obtained if it is retained as indicating the chemical nature 
of magnetite. 


50 Newland, D. H., Econ. Geot., vol. XVII., pp. 299-302, 1922. 
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dikes and the ore bodies rich in martite. Furthermore, on 
Palmer Hill a dike has penetrated a fault breccia. This breccia 
consists of fragments of pegmatitic veins (veindikes) of quartz, 
microcline and magnetite. The magnetite is in part replaced by 
martite. Hence a period of faulting must have taken place after 
the martite replaced the magnetite and before the intrusion of 
the dike. It is true that even the basaltic dikes are not all of the 
same age, yet they are all known to be later than the syenite- 
granite intrusives. Even though definite information about 
martite as such is scanty, I conclude that the oxidation theory is 
unnecessary and inadequate. The deposition of the martite 
points to deep seated conditions rather than to surface oxidation. 
The view here taken is that the martite is a late magmatic intro- 
duced mineral which replaced the previously deposited magnetite. 
The martite is considered to have been derived from a basic dif- 
ferentiate of the syenite-granite magma. 


THE SEQUENCE OF ORE DEPOSITION. 


Petrographic studies of the wall rock reveal that the magnetite 
is not of single age. Hundreds of feet away from the ore bodies 
the magnetite appears to have crystallized at an early stage; fol- 
lowing the usual order announced by Rosenbusch. So fixed has 
this order become in the minds of some that no departure from 
it is recognized. A departure, however, does occur. Specimens 
collected close to the ore bodies contain, in addition to the early 
crystallized magnetite, other grains of the same mineral that 
occupy interstitial position (see Fig. 1, 4, B). As the ore 
bodies are reached the later crystallized magnetite is in abun- 
dance and in the ore proper constitutes the bulk of the rock. 

This later magnetite, for reasons still unknown, was more sus- 
ceptible to replacement by martite than the early magnetite (see 
Fig. 1). Newland recognized both types. In addition to the 
early and late magnetite there is veindike or igneous-hydrothermal 
magnetite °° which cuts the wall rock and the ore bodies. Thus 


51 A great increase in the amount of one component in a multicomponent sys- 
tem often reverses the order of separation during freezing. 
52 Recall Miller’s “true dikes of practically pure magnetite.” 
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there is magnetite of three distinct ages. Kemp regards the 
magnetite as early, Colony and Miller have emphasized the late 
magnetite. In the Palmer, Arnold, Cook and Jackson Hill mines 
all three types are observed by means of petrographic examina- 
tion. All three ages are replaced by martite, the late and vein- 
dike magnetite especially. 

Following the martite ferrugenous vein quartz was introduced, 
cementing the breccia of martitic bodies on Arnold and Palmer 
Hills. Calcite veining seems to have been the end phase product. 
All are regarded as of magmatic origin. The chief factor con- 
trolling this sequence was the falling temperature of the magma 
(see Fig. 1). 

The nature of the later magnetite as seen under the microscope 
indicates that some of it has replaced the usual minerals of the 
granitic wall rock; especially quartz and the feldspars. There is 
some indication that some of the pyroxene has suffered decompo- 
sition with a separation of hematite, not martite, which in turn 
has been replaced, rimmed and veined by introduced magnetite 
and later by martite (see Fig. 1, C). It is quite possible that 
corrosive solutions, derived from the differentiating magma, 
brought about this alteration of the pyroxene. 

This replacement may have been brought about by at least 
two processes: (1) That the later magnetite was introduced by 
aqueo-igneous solutions (end phase or deuteric processes) and 
replaced the quartz and the feldspars. If so, it may be that 
previous sericitization of the feldspars by corrosive magmatic 
gases and liquids made the feldspars more susceptible to replace- 
ment. (2) That the presence of large quantities of potential 
magnetite in the iron rich subdifferentiated magma reversed the 
sequence of crystallization. During the late stages of crystalliza- 
tion reaction took place between previously formed crystals and 
the remaining liquid, corroding the feldspars and the quartz. 
The magnetite crystallized in the interstitial spaces. 

There is really little choice between these suggested processes. 
They are very similar, differing chiefly in the time of the forma- 
tion of the magnetite. 
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Source of the Iron—Those advocating an igneous origin of 
the magnetite deposits can be grouped into two classes. (1) 
Those who hold the source to be the wall rock, that is, the syenite- 
granite, and (2) Miller who proposed that assimilation of basic 
rocks, Grenville paramphibolite and metagabbro with a change of 
hornblende and hypersthene into diallage, furnished the iron. 


DISCUSSION OF MILLER’S THEORY. 


Palmer Hill exhibits a remarkably clean igneous rock. There 
is some evidence that some Grenville sediments have been replaced 
or perhaps assimilated. How much there has been absorbed is, 
of course, unknown. It is extremely difficult or impossible to 
obtain quantitative data; nevertheless the amount of material 
absorbed is regarded as small and insufficient to account for the 
magnetite actually known to have been formed. It is true that 
other mines show more assimilated foreign rock than Palmer 
Hill, sufficient perhaps to have furnished the iron. But on 
Palmer Hill I hold the theory is inadequate. It is concluded 
therefore that (1) magmatic replacement, assimilation and diges- 
tion of amphibolite (and metagabbro), and (2) the source of the 
magnetite are independent and not dependent. If the titaniferous 
magnetites be called magmatic, as is often the case, I feel that 
the Palmer Hill ores must be included in this class also since I be- 
lieve they are differentiates of a granitic magma. I prefer a con- 
sistent theory of origin for all the Adirondack magnetites. 

Studies by Bowen * indicate that magmas lack sufficient heat 
to digest great quantities of foreign rock. 

I have a growing tendency to distinguish between magmatic 
assimilation, an actual melting in, of roof fragments and xeno- 
liths on one hand and magmatic replacement of such foreign 
bodies by aqueo-igneous solutions derived from a differentiating 
magma on the other. Bowen urges caution in postulating whole- 
sale assimilation by thermal action. If, however, chemical activ- 
ity, reaction between solid crystals and the liquids of the magma 
is possible, replacement of roof fragments may take place. This 

53 Bowen, N. L., Jour. Geol. Suppl., No. 6, pp. 513-570, 1922. 
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would remove the objection that the magma does not possess 
sufficient heat (calories) to fuse pieces of the country rock. The 
conception I am developing is apparently a departure from Daly’s 
rather violent stoping to a more gradual infiltration, soaking and 
penetration of highly foliated rock cover and by chemical, as op- 
posed to thermal, reaction replacing the country rock by igneous 
minerals. Whether material from the old invaded rock can or 
does unite with igneous contributions, in a simular way to the 
production of garnetiferous contact zone rocks, is still, in my 
mind, an unsolved problem. This conception of slow magmatic 
replacement, I think, would require but a small quantity of foli- 
ated country rock to impress its structure upon the resulting 
syntectic ; an amount too small to have furnished the iron for the 
magnetite ore bodies. I feel that more study in the laboratory 
should be forthcoming before we present a definite solution to 
this problem. 

Newland * feels that Miller’s theory “ fails to account for the 
iron content of the granite in its normal phases.” In reply 
Miller *° says: “ The normal granite is that which is free from 
contamination or close association with old gneiss. Examination 
of many thin sections of such normal granite of the Lyon Moun- 
tain and other areas ** shows that it is very ordinary as regards 
iron content, the magnetite rarely running over a few per cent., 
while ferro-magnesian minerals run very low.” Apparently 
Newland and Miller differ as to the facts. But I should judge 
that they have had a different experience. Newland™ says of 
the red granite, (the ore-formation granite of my nomenclature) 
two miles east of Ausable Forks: “The rock is an interesting 
type, as it belongs to the true granites, being composed of feld- 
spar and quartz in normal propositions, but on the other hand 


54 Newland, D. H., Econ. GErot., vol. XV., p. 180, 1920. 

55 Miller, W. J., Econ. Grot., vol. XVI., p. 232, 1921. 

56 The italics are mine. 

57 Newland, D. H., “ The Quarry Materials of New York—Granite, Gneiss, 
Trap and Marble,” .N. Y. State Mus. Bull. 181, 1916, p. 98, a bulletin available to 
Miller when he differed from Newland in regard to the magnetite content of the 
normal granite. 
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contains no dark silicates of the mica, amphibole or pyroxene 
families. In place of such minerals, however, it carries a large 
amount of magnetite which ordinarily is a very minor constitu- 
ent of granite. This mineral constitutes about 15 per cent. of 
the entire rock.” Miller’s slides were prepared from Lyon Moun- 
tain and other areas. My slides of Lyon Mountain country rock 
show a low magnetite content. The same is true of specimens 
from Port Henry, Mineville and Hammondville. But on Palmer 
and Arnold Hills the magnetite content is abnormally high. On 
the Palmer Hill, as maintained above, the Grenville and meta- 
gabbro incorporated in the ore-formation granite is considered to 
be small in amount. Differentiation instead of assimilation is 
regarded as a more satisfactory explanation of the high mag- 
netite content. I feel confident that Palmer Hill is an exceed- 
ingly significant locality in that it presents a more simple geology. 
Its study throws some question upon the adequacy of Miller’s 
theory to account for the magnetite bodies. 


THE ORE-FORMATION PROCESSES. 


Having decided that a magnetite rich granitic differentiate of 
the syenite-granite intrusives was the primal source of the ore 
bodies, the problem remains; how did these bodies come into ex- 
istence? The early workers, perhaps quite naturally, were con- 
tent by stating that the ore was due to magmatic differentiation. 
This is, today, only a partial answer to our inquiry. I see the 
same picture, that Colony so vividly paints, of continued differ- 
entiation, or to use his words, subdifferentiation of this differ- 
entiate into pegmatite-rich and magnetite-rich portions. These 
two fluid and chemically active aqueo-igneous solutions under 
pressure (Spurr’s “telluric pressure’’) concentrated the mag- 
netite in lens shaped bodies by replacing previously foliated in- 
clusions and roof fragments of Grenville or metagabbro and por- 
tions of the already solidified granitic country rock. Still later 
and consequently cooler, pegmatitic, silexitic, veindikes of mag- 
netite-rich silicious solutions cut and veined the ore bodies. Mi- 
crofaulting, following cooling, brecciated the ore locally, permit- 
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ting a late stage magmatic solution carrying potential martite to 
infilter. The shattered maguetite was replaced in whole or in part 
by martite in certain zones. The last and dying igneous activity 
was the veining of the brecciated ores by ferrugenous quartz and 
finally by calcite. . 

Thus the pegmatitic solutions were, under this conception, 
powerful agents in the transference and concentration of the ore. 
Kemp caught some of the significance of the pegmatites in the 
ore formation processes, but did not appreciate their importance. 
Newland ** emphasized the pegmatites when he says ‘“‘ magmatic 
differentiation has been . . . a prominent factor in the early °° 
stages of their formation. . . . Yet there is reason for believing 
that other ** agencies were active in producing the final results. 
Of these the influence of highly heated vapors and waters . 
has been most important. . . . This agency would be especially 
active in the final °° stages. . . . In some cases it may have been 
the determinative factor in bringing the iron minerals into their 
present °° position.” 

Miller has stressed pegmatites more than the others. Bayley ® 
also calls upon them as important agents in the formation of the 
magnetite deposits in New Jersey and in North Carolina. 
Colony’s important paper “* on the magnetites of Southeastern 
New York stresses the aqueo-igneous solutions and the replace- 
ment of the Grenville sediments incorporated in the granite. The 
ore-formation processes, Colony holds, and I agree with him, 
were subjected to the structural control of the previously foliated 
Grenville. 


SUMMARY. 


The chief purpose of this paper is to summarize the recent 
literature dealing with the Adirondack non-titaniferous mag- 
netites, to state as clearly as possible the various theories offered 

58 Newland, D. H., N. Y. State Mus. Bull. 119, pp. 31-32, 1908. 

59 The italics are mine. 

60 Bayley, W. S., “The Magnetite Ores of North Carolina—Their Origin,” 
Econ. GEoL., vol. XVI., pp. 142-152, 1921. 

61 Colony, R. J., loc. cit., p. 70. 
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to account for them, and to show that the ore-formation processes 
extended over an appreciable time and were of some complexity, 
perhaps more so than has heretofore been suggested. 


The summary of the various theories is given in Table IV. 
A summary of the ore-formation processes as I see them at the 


present time is as follows: 


i.) 


N 


9. 


. Magnetite-rich differentiate of the syenite-granite series. 


Encountered the overlying and highly foliated Grenville (and 
metagabbro) rocks, penetrated and soaked along the folia- 
tion planes, gradually saturated and replaced these ancient 
rocks, took on the structure possessed by them and be- 
came a syntectic. 

Subdifferentiation of still liquid portions of the magma into 

a. pegmatite-rich and 
b. magnetite-rich fractions. 

This subdifferentiation may have been stimulated by the pres- 

ence of these foreign rocks; 
a. through assimilation. 
b. affects of chill. 
c. catalytic action. 


. Slight contact action took place between the differentiating 


magma and roof fragments of calcareous Grenville, or 
upon solidified portions of itself, producing local concen- 
trations of magnetite. 

The magnetite-rich aqueo-igneous solutions saturated and re- 
placed the syntectic wall rock subject to the structural con- 
trol of the superimposed foliation of the country rock, 
producing local concentrations of magnetite. 


. The pegmatite-rich fractions, by transference, concentrated 


the magnetite into the zones where they are found today. 
Still later aqueo-igneous magnetite-rich solutions veined the 
wall rock and the ore bodies. 
Faulting upon a minute scale brecciated the ore in certain 
zones. 


10. Relatively basic pegmatitic activity attacked the previously 





II 


de 
ag 


ay 





GENESIS OF THE ADIRONDACK MAGNETITES. 363 


formed and brecciated magnetite causing partial replace- 
ment by martite. 

11. Renewed or continued acid pegmatitic and silexitic activity 
without much effect upon the ores. 

12. Magnetitic and martitic replacement repeated through peri- 
odic and oscillatory operations of these processes. 

! 3. Slight and local disturbances resulting in microfaulting and 

brecciation. 
14. Introduction of veinlets of jasper. 


15. Introduction of ferrugenous calcite. 


Thus the non-titaniferous magnetite deposits of the Adiron- 
dacks are regarded as magmatic-replacement deposits due to 
aqueo-igneous magnetite-rich solutions derived from a differ- 
entiating granitic magma. 

DEPARTMENT OF GEOLOGY, 


UNIVERSITY OF ROCHESTER, 
RocueEster, N. Y. 
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THE ANTIPATHY OF BORNITE AND 
PYRRHOTITE. 


GEOFFREY GILBERT. 


THE HYPOTHESIS. 


THE purpose of this paper is to submit for consideration and if 
necessary for contradiction the following rule: Bornite and pyr- 
rhotite tend to be mutually exclusive, and a specimen (or even an 
orebody) which contains one of these minerals will not contain 
the other. This generalization was set up during a recent study 
of ores from a number of high-temperature sulphide deposits, it 
has stood the test of my own microscopical work, and I have 
found in the literature no convincing evidence to disprove it. It 
is therefore stated formally here, in order that it may receive 
enough publicity either to establish it in whole or in part or to 
discredit it. That there is at least some basis of fact behind it, 
my own work leaves me convinced. 

Bornite is a distinctly persistent mineral. It has been found 
in numerous deposits formed at intermediate depths, in some deep 
veins, and in many contact metamorphic deposits, as well as in 
“magmatic” origin has been ascribed. Pyr- 
rhotite is found in many deep veins and contact deposits, and has 
perhaps a better claim than any other sulphide to be regarded as 
a primary constituent of igneous rocks. The fields of the two 
minerals, while by no means identical, certainly seem to overlap 
in tle general region of the higher-temperature sulphide deposits. 
Lindgren‘ says, speaking of contact metamorphic deposits: 


some to which a 


Among the ore minerals those of simple composition prevail. In order 
of abundance we have pyrite, chalcopyrite, bornite, pyrrhotite, zincblende, 
molybdenite, arsenopyrite, and galena. 

One would therefore expect to find bornite and pyrrhotite occur- 

1 Lindgren, W., “‘ Mineral Deposits,” 2d ed., p. 711. (Italics are mine.) 
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ring together fairly often, and if they do nct the fact would seem 
to be worthy of notice and to require explanation. 


THE EVIDENCE, 


The evidence in favor of the generalization is bound, in the 
nature of the case, to be wholly negative, to consist of the enu- 
meration of localities in which bornite and pyrrhotite do not occur 
together. One clear example of an orebody in which both are 
important, or one microphotograph showing them intermixed, 
would of course outweigh a large amount of negative evidence, 
but I have not as yet encountered any such case. 

A microscopical study of a large number of specimens from 
Ducktown and Sudbury, and of smaller suites or single specimens 
from the Gossan Lead, Hedley, Rossland, and several other pyr- 
rhotite camps, showed chalcopyrite intermixed with the pyrrho- 
tite in each case; but in none of the specimens was any bornite 
observed. In contrast to this, pyrite-chalcopyrite deposits fre- 
quently contain at least small amounts of bornite. 

The bornite ores, so far as my work shows, are equally free 
from pyrrhotite. It does not appear to be present at Cananea, 
Globe, Engels, or Seven Devils, and rather large suites of speci- 


mens from Bisbee and from the Highland Boy mine at Bingham’ 


revealed none (though in the two latter cases it has been reported 
to occur in small quantities).* Butte, Superior, and many of the 
other deposits in which bornite is abundant are formed at com- 
paratively low temperatures; in them pyrrhotite has not been 
found and would hardly be expected to occur. 

In studying the ores from the thirteen localities mentioned 
above, as well as several others, I have used the suites in the 
Harvard laboratories, supplemented in the case of nine districts 
by specimens collected by myself. The number of deposits of 
which I have detailed first-hand knowledge is necessarily small, 
but the results could be backed up by a much larger number of 


2 Bonillas, Y. S., Tenney, J. B., and Feuchere, Leon, “ Geology of the Warren 
Mining District,” Trans. A. I. M. E., LV., 1916, p. 337. Boutwell, J. M., “ Eco- 
nomic Geology of the Bingham Mining District, Utah,’ U. S. G. S. Prof. Paper 38, 
1905. 
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examples in which the literature has been my main or only source 
of information. The literature, in cases where exact data of 
this nature are sought, is always a doubtful guide, partly because 
the record is not sufficiently specific and partly because one is 
often uncertain whether the species reported have been identified 
by careful microscopical means. Where the minerals from a 
whole district are listed together, as in many of the U. S. Geologi- 
cal Survey publications, bornite and pyrrhotite occasionally ap- 
pear on the same list; but I have found no convincing statement, 
and certainly no statement backed by microscopical evidence, that 
they occur together within the limits of a single orebody. They 
do occur in fairly close proximity. At Texada Island, B. C., 
there are several magnetite deposits of contact metamorphic origin 
which contain minor amounts of pyrrhotite, while the Marble 
Bay copper orebody, close by, is predominantly bornite. In the 
latter no pyrrhotite was found by McConnell,® except a few grains 
near a dike on one level. A few specimens which I studied 
showed no pyrrhotite in the bornite ores and no bornite in the 
magnetite-pyrrhotite ores. 

Geijer,* in a recent paper, describes a number of Swedish 
copper deposits. Most of them contain bornite, and in none of 
these, apparently, is there any pyrrhotite. Pyrrhotite is, how- 
ever, mentioned once, in the description of the Riddarhyttan dis- 
trict: 

In this district sulphide ores—chalcopyrite, pyrite, pyrrhotite, cobaltite, 
and some molybdenite—are associated with magnetite in replacement de- 
posits of various types. Bornite and chalcocite are conspicuously absent 
in these associations. 

Tolman and Rogers ° describe a suite of specimens from the 
“magmatic chalcopyrite-bornite deposits” of Ookiep, South 
Africa. They state: 

The principal ore-minerals are given as magnetite, pyrrhotite, bornite, 
and chalcopyrite. There is a regular order of formation for the mag- 
matic minerals. . . . For the chalcopyrite-bornite group the order is (1) 

3 McConnell, R. G., “‘ Texada Island,” Geol. Survey Can. Memoir 58, 1914, p. 51. 


4 Geijer, Per, “Some Swedish Occurrences of Bornite and Chalcocite,” Sveriges 
Geologiska Undersékning, Arsbok 17 (1923), No. 2. 


5 Tolman, C. F., Jr., and Rogers, A. F., “ Study of the Magmatic Sulfid Ores.” 
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silicates (2) magnetite and ilmenite (3) hematite (4) pyrrhotite (when 
present) (5) chalcopyrite and bornite. 


But in their summary they say: 


Pyrrhotite and bornite have not been found together in magmatic ores. 


SUGGESTED EXPLANATIONS OF THE RULE. 


There seems to be a respectable amount of evidence in support 
of the proposed generalization, and in case it should turn out to 
be at least approximately true it may be worth while to offer 
some speculations as to its possible meaning. Two lines of rea- 
soning suggest themselves. 

In the first place, the rule may afford a means for the more 
exact delimitation of the fields of bornite and pyrrhotite. It may 
be possible to develop some broad distinctions between high- 
temperature sulphide deposits which contain bornite and high- 
temperature sulphide deposits which contain pyrrhotite. To be 
more explicit, it seems to be a general rule that bornite, which is 
rich in copper and poor in iron, occurs in high-temperature de- 
posits only when iron is not abundant. That is, in high-tempera- 
ture deposits it seems to show an aversion to pyrite as well as to 
pyrrhotite. When there is enough iron to form these straight 
iron sulphides there is enough, in general, to insure that all the 
copper shall occur in chalcopyrite (or much more rarely in 
chalmersite) rather than in bornite. It may be that all the de- 
posits in which bornite does occur with pyrite will be proved to 
have been formed at temperatures too low for the formation of 
pyrrhotite. Furthermore, the comparatively low sulphur con- 
tent of bornite seems to be reflected in a general rule that it is 
most likely to occur in those high-temperature deposits which 
are not very high in sulphur. 

In the second place, there may be a chemical antipathy between 
the two minerals similar to that of nephelite and quartz. Asa 
possible cause for this antipathy the following is offered for what 
it may be worth: 

Bornite occurs habitually with chalcopyrite, and is normally 
slightly younger. Pyrrhotite occurs frequently with chalcopyrite 
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and is normally slightly older. Pyrite also occurs frequently 
with chalcopyrite and is normally older. The sequence pyrite- 
chalcopyrite-bornite is a common one. Then why not the se- 
quence pyrrhotite-chalcopyrite-bornite ? 

The sequence pyrite-chalcopyrite-bornite shows a steady in- 
crease in copper, and this is reflected in the partial replacement of 
the chalcopyrite by bornite. It is the chalcopyrite which is re- 
placed rather than the pyrite therefore, under the prevailing con- 
ditions the pyrite is more stable than the chalcopyrite. It is a 
fair assumption that the reason for the non-occurrence of. the 
pyrrhotite-chalcopyrite-bornite sequence is that the pyrrhotite is 
less stable than the chalcopyrite, and that in consequence the later 
copper-rich solutions, instead of converting chalcopyrite to born- 
ite, merely convert pyrrhotite to chalcopyrite. The reactions 
might be indicated as follows: 


In the first case: 2Cu.S + CuFeS, = Cu;FeS, 


chalco- 
pyrite — bornite 


In the second case: CusS + 2FeS.S, = almost 2CuFeS., and, the 
pyrrho- chalco- 
tite pyrite 


resulting chalcopyrite being more stable than the pyrrhotite (by 
hypothesis), this reaction would go on to completion before any 
bornite could form. 


SUPERGENE RELATIONS. 


This paper has concerned itself thus far with high-temperature 
sulphides and has ignored one important point; namely, the pos- 
sible occurrence of supergene bornite. The reasons suggested for 
the incompatibility of the two minerals could hardly be expected 
to hold good in the zone of enrichment. If bornite forms at all 
in the zone of enrichment it ought surely to do so as readily in 
the presence of pyrrhotite as in its absence. If, for example, 
bornite can be manufactured by the attack of descending copper 
sulphate solutions on chalcopyrite or pyrite, it is hardly to be 
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supposed that the occurrence of pyrrhotite in the ore will have 
any very marked effect on the nature of the reactions between the 
solutions and the other minerals. Supergene bornite, therefore, 
might be expected to occur as frequently in pyrrhotite ores as in 
any other sort. 

Some geologists, however, lean rather heavily towards the view 
that bornite is never supergene. L. C. Graton® believes that 
“except for uncommon transition zones, generally of micro- 
scopical width, between supergene chalcocite and hypogene chal- 
copyrite, which are to be regarded as indicating a very narrow 
range of stability for supergene bornite, all bornite is hypogene.” 
Geijer, in the paper cited above, decides that the bornite is cer- 
tainly hypogene in most of the deposits he describes, and prob- 
ably in all. The experience of the Secondary Enrichment In- 
vestigation is that bornite enriches to chalcocite with extreme 
ease. That is, it is very unstable in the zone of enrichment, and 
it would therefore not be expected to form in that zone. On the 
other hand, there is a tendency in much of the literature to re- 
gard bornite as a common product of supergene action. Most 
of this literature antedates, or at least does not make use of, the 
reflecting microscope, but the idea has received a little support 
from microscopical studies. Bornite in such cases is usually 
intermediate in age between admittedly hypogene chalcopyrite 
and admittedly supergene chalcocite, and its origin is decided by 
the observer’s judgment and by the large-scale field relations. 

So far as I can find, none of this alleged supergene bornite 
occurs in pyrrhotite-bearing ores. If it can be established that 
bornite does not occur at all in pyrrhotite ores, the natural deduc- 
tions would seem to be (1) that there is an antipathy of some 
sort between pyrrhotite and hypogene bornite, and (2) either that 
there is a similar antipathy between pyrrhotite and supergene 
bornite, which does not seem probable, or that supergene bornite 
is practically non-existent. 

In conclusion, I would emphasize again that this paper is pri- 
marily a request for information. The speculations which make 


6 Personal communication. 
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up the last part form a structure which may easily be demolished 
if one or two well-placed facts be exploded under the foundation. 
My excuse for putting them into print is simply that we are very 
badly in need of generalizations which will help to tie together 
the various types of ore deposits, and any rule which holds out 
hope of a reasonably broad application seems well worth setting 
up for inspection. 
LEHIGH UNIVERSITY, 
BETHLEHEM, Pa. 





ASBESTOS DEPOSITS OF CYPRUS.’ 
CORNELIO L. SAGUI. 


Tue central part of the island of Cyprus is formed by a range of 
mountains partly covered by pine forests and dissected by deep 
valleys. The highest part of the range is Troodos, which has an 
altitude of about 5,800 feet. Below this the zone of the asbestos 
mines runs eastward, several square miles in extent, and a good 
road descends south to the port of Limassol. 

Geology.—The geology of the island has been very roughly 
studied and even that of the mines has not been clearly defined. 
In a rapid survey through the western part of the island the 
writer has established the principal geologic features. 

West and south of Troodos a horizon of schists, probably of 
the Azoic period, covers a large area which is cut by open val- 
leys. An igneous rock, now serpentine, intruded the schists, and 


ing is somewhat difficult. An older horizon of igneous rocks, 
principally gabbros and basalts, occurs between the schist and 
serpentine, west of Troodos. Toward the southern coast of the 
island there are sedimentary rocks of Eocene and still more recent 
periods. 

Amiando Asbestos Mines.—The workable part of the deposit 
of Amiando contains chrysotile. It occurs in a complex network 
of veinlets as fibers with a high tensile strength; they average 
0.25 inches in length, are greenish white in color, and have a 
silky luster. The fibers are perpendicular to the walls of the vein- 
lets; they are sometimes parted in the center parallel to the walls. 

The country rock, which is generally basic, although a siliceous 
variety is occasionally found, is represented by serpentine, prob- 
ably derived from peridotite. Diabase is also present, but no 

1 Original manuscript revised and rewritten at the office of the Editor. 
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formed the Troodos range where the asbestos deposits are located. / 
The country is-rugged, with deeply carved ravines, and prospect-' ® 
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definite boundary could be traced between the different varieties 
of igneous rocks. Asbestos deposits occur irregularly through 
the serpentine. 

An important feature of the deposit is the increasing harsh- 
ness of the minute crystals of chrysotile with increasing depth. 
They finally pass into veins of solid serpentine of a greenish 
white color that are seen clearly against the brownish-green coun- 
try rock. The payable material is 30 to 4o feet in thickness. 
The above features throw light on the conditions under which 
chrysotile seems to have been formed. It was the first opinion 
of the writer that the waters issuing from the cooling magma 
carried serpentine in solution, which crystallized within the cracks 
resulting from the progressive shrinkage due to the cooling. 
This does not explain satisfactorily the genesis of the asbestos 
when an accurate study of each deposit is made throughout 
Amiando. The increasing harshness of the asbestos with depth 
seems to suggest that where the deposition of serpentine took 
place at a moderate pressure the minute soft crystals of chrysotile 
found congenial conditions for deposition, but at greater depths, 
with greater pressure, crystallization apparently could not take 
place, and cracks were filled by a solid compact substance without 
any trace of chrysotile. 

At the Virginia quarries this fact was observed by the writer 
during several months of work; the decreasing richness of the 
asbestos with depth was also noted. 

Origin of the Asbestos.—It is impossible to assert as a general 
explanation that chrysotile was formed by water issuing from the 
cooling magma carrying in solution serpentine which crystallized 
within cracks resulting from progressive shrinkage due to cool- 
ing,” although the evidence of such a process of formation was 
frequently observed at Amiando. Nor was evidence found con- 
firming Taber’s * opinion that chrysotile has made room for itself 
by pressure accompanying the growth of crystals which caused 
the formation of cracks by pushing apart their walls. 


2 Graham, R. P. D., Econ. Grot., vol. XII., 1917, pp. 154-202. 
3 Taber, Stephen, “‘ Genesis of Asbestos—Asbestiform Minerals,” 7. A. J. M. E., 
vol. 57, 1917, Pp. 62-87; 95-98. 
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The study of thin sections shows in many instances that chryso- 
tile has been formed by the replacement of serpentine,* but even 
replacement does not seem to explain all occurrences. The crack- 
ing of the rocks by the cooling of the magma may be assumed 
as an initial part of the process, and replacement following as a 
supplementary phase, though quantitatively the phenomenon 
might probably be considered as the most important of the en- 
tire formation. 

Pressure, as stated above, determines the degree of harshness 
or softness. It would be difficult to demonstrate that those vein- 
lets filled by solid greenish white serpentine were formed by re- 
placement of the greenish brown serpentine of the walls. The 
solid veinlets of the lower part of the deposit are as a rule 
thinner than those above, near the surface, from which chryso- 
tile of the best quality is quarried. This suggests that the en- 
tire process of chrysotile formation was due to two different 
phases: first, shrinkage by cooling, producing the cracks through 
the magmatic mass, which were filled by chrysotile in part through 
a process of replacement and in part by the free growth of chryso- 
tile crystals. 

From these facts we may draw the following conclusions: 


(a) An initial cracking of the country rock seems necessary 
in order to start the crystal growth of chrysotile. 

(b) A moderate pressure seems favorable to the process, as in 
the deeper zone the veinlets were filled by solid serpentine with- 
out a trace of fibrous structure. The progressive harshness of 
the chrysotile downward points to the same conclusion. 

(c) Replacement through the agency of hydrothermal solutions 
seems to have been the principal factor of the process once the 
conditions stated in (a) and (b) are established. 


The cracking found necessary by the writer in explaining the 
formation of chrysotile veinlets at Amiando seems also to ex- 


4 Bateman, Alan M., “ An Arizona Asbestos Deposit,” Econ. Gror., vol. XVIII, 
No. 7, pp. 663-683, 1923. 
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plain the fact that the convexities of one wall correspond to con- 
cavities in the other when a fibrous vein is irregular.° 

Origin of Harsh Fiber—As previously stated, the chrysotile 
becomes increasingly harsh, splintery, and brittle with depth, 
until finally the veinlets do not show any fibrous structure. The 
harsh fibers cannot be attributed to replacement by material of 
any kind, as under the microscope only chrysotile is detected. 
Consequently physical conditions only must have caused the for- 
mation of this harsh variety of asbestos, and pressure seems to 
have been the principal factor. Analyses of specimens of the 
harsh and soft types of chrysotile have also proved that no ma- 
terial change of chemical composition was the cause of the differ- 
ence noted. It may be possible that the harsh chrysotile of the 
United States Asbestos Company was formed by a thin film of 
calcite grown between the fibers, as Mr. Diller indicates,® but this 
is not the case for the harsh chrysotile found at Amiando. 

The above conclusions were applied by the writer in prospect- 
ing for the Cyprus Asbestos Company, with satisfactory results, 
and it was intended to carry the investigations further to the 
coasts of Asia Minor. The unsafe condition of the country, 
however, made prospecting difficult, and the only result obtained 
was finding that the few igneous rocks exposed are the same as 
those of the western part of Cyprus. 

It would be interesting to compare the conditions of forma- 
tion of the Cyprus deposits with the Arizona deposit described 
by Dr. Bateman,’ although initial cracking does not appear to 
have been necessary for the growth of chrysotile. Dr. Sampson 
points out * that the region as a whole is not complicated, but that 
the deposits are generally found in connection with some irregu- 
larities. Those irregularities are formed by intrusions which 
cut across the strata and are frequently represented by local bow- 


5 Stephen Taber, “ The Origin of Veins of Fibrous Minerals,’ Econ. GEoL., 
vol. XIX., No. 5, pp. 475-486, 1924. 

6 Diller, J. S., U. S. Geol. Surv. Min. Res., 1919, Part II. 

7 Loc. cit. 

8 Sampson, E., “ Arizona Asbestos Deposit,” Econ. Gror., vol. XIX., pp. 386- 
388, 1924. 
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ing or breaking of the sedimentary rocks. This may be ex- 
plained by a certain relieving of the pressure at the irregular 
spots, which would have permitted the growth of chrysotile. 
Even though the geological conditions are different from those 
observed at Amiando, pressure may have had the same impor- 
tance in the formation of both deposits. 


FABRIANO, ANCONA, 
ITALY. 











EDITORIAL 


STATE GEOLOGICAL SURVEYS AND ECONOMIC 
GEOLOGY. 


ONE must conclude, unless he is willing to concede to legislators 
of past years a greater interest in science for its own sake than 
seems to exist in our day, that the object of the institution of the 
various state surveys was the economic results which it was antici- 
pated would come from their-labors. Indeed, the expected eco- 
nomic results were clearly stated in the foundation acts for many 
of the surveys and implied by coupling the term “ mineralogical ” 
with “ geological” in the official titles of other surveys. 

It is true that in the thirties and forties, the period of greatest 
activity in instituting such surveys, we were still in the era of ex- 
ploring expeditions and that some support for the proposed sur- 
veys may have been had in the rather vague hope that good 
would be likely to come from almost any sort of systematic ex- 
amination of our all too little known country. It is also true 
that appropriations were secured by outstanding and dominating 
personalities, such as James Hall in New York, for purely sci- 
entific work, from which there could be little hope of direct re- 
sults of economic importance. It is not going too far, perhaps, 
to conclude that the establishment of-various surveys and their 
maintenance to the present day has been based on the belief and 
hope that they would foster directly the beginning or develop- 
ment of mineral industries in the various states. 

The founding of the surveys, I think it may be safely granted, 
was a practical matter to the men having power to decree or with- 
hold such establishment; the results hoped for were largely eco- 
nomic. It is doubtful, however, whether the conception of a 
geological survey was generally with the legislators. They 
granted but did not originate the idea. Geologists proposed sur- 
veys, lobbied for their establishment and support, and unques- 
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tionably based their chief “ selling arguments,” then as now, on 
the practical results to be achieved—on economic grounds. The 
geologist proposed and the legislator accepted the survey largely 
on the grounds of anticipated economic results, but the geologist 
must have had broader visions of the scope of a survey and 
broader and less direct views of what results might be of eco- 
nomic importance than were held by the legislator. What were 
the views of the geologist as to the scope and function of a sur- 
vey? 

James Hall, the great chief of the New York State Survey, 
sometime state geologist of Iowa, principal of the Geological 
Commission of Wisconsin, and with his finger in the organiza- 
tion of innumerable surveys from Texas to Canada, should have 
been able to define the function of a state geological survey if any 
man could do so. Merrill, in his recent One Hundred Years of 
American Geology, prints a letter from Hall to Kumler on this 
subject from which I quote selectively as follows: 


. . the duties of a State Geologist are to examine and determine the 
kinds and character of rocks occurring within the state and the limits of 
each one of the formations; that he should lay down upon a map the 
limits and extent of each one of the several formations within the state; 
to describe the same in all their characters and also to describe their con- 
tained mines and minerals and fossils; and to communicate such descrip- 
tion to the people of the state. 

. it is the duty of the State Geologist to ascertain these facts that 
he may himself give special attention to the formations which promise 
mineral resources, and also be able to advise other persons where they 
may expend their energies in search of minerals with some prospect of 
success, and on the other hand to advise them against expending money 
in geological formations barren of metalliferous ores or other economic 
products. 

. . . there may be special reasons why he shall give his time and at- 
tention largely in one direction; as for example a special investigation 
may be made as has already been done in some of the states regarding the 
sources of water and the area of a country likely to give artesian wells. 
In the newer states many of these points will be brought to the attention 
of the geologists by the expressed wants of the people, but he should not 
forget that the first element is the determination of the nature and ex- 
tent of the geological formations which constitute the underlying rocks 
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oi the country and to determine their relations one to the other, and the 
nature of their mineral and fossil contents. 

It would be difficult to outline today a better definition of the 
scope and purpose of a government geological survey, though, 
as result of our changed economic and social life, a somewhat 
different interpretation of some of these requirements might be 
had from that which would have been held in Hall’s day. Cer- 
tainly, the definition is all that could be asked for by the most 
practical minded of men. 

How well have these functions of a state survey, agreed upon 
in essentials by both legislator and geologist, been carried out? 
Answers by geologists to this question are rare indeed and often 
marked by strong bias—generally briefs for the defence. The 
conclusions of the legislators, as expressed by the intermittent ac- 
tivity, dis-establishments, re-establishments, and long periods of 
quiescence of the great majority of the state surveys and occa- 
sional periods of languishing interest and low appropriations for 
the federal survey, has certainly not been entirely favorable. 
Sceptical legislators have even descended to reductio ad absurdam 
methods in an attack on appropriations for a survey, as was the 
case with the exasperated Arkansas legislator who proposed to 
saddle the provision for a state geologist with a similar provision 
for a state phrenologist to be appointed for a term of fifty four 
years. 

The fault does not lie wholly with the geologists but legisla- 
tures have had just cause for disappointment and resentment at 
failure to secure anticipated results. One suspects that too often 
the geologist, wearied ad nauseam with stressing economic results 
to be secured, has left the legislature with hardly-won and alto- 
gether insufficient appropriations to turn with a sigh of relief to 
some geologic problem in which he was keenly interested but 
whose possible economic application was too indirect and obscure 
to justify its consideration on economic grounds. He doubtless 
comforted himself, as did that prince of travellers George Borrow, 
who, during his distribution of the Bible in Spain, justified his 
gratification of the wanderlust by a long trip to Cape Finisterra 


































EDITORIAL. 379 
although he had but one copy of the book available, by calling to 
mind “ that ever since the Lord revealed Himself to man, it has 
seemed good to Him to accomplish the greatest ends by appar- 
ently the most insufficient means.” Oddly enough such weak 
conclusions have been occasionally justified; too late, one fears, 
to assist in securing the next biennial appropriation. Bauxite 
deposits were recently discovered in Mississippi by following up 
a clue unearthed in old geologic reports, the author of which 
probably never suspected would be of any economic importance. 
Any economic geologist who has had broad prospecting experi- 
ence can testify to the usefulness of information unearthed from 
old reports,—information recorded by the author simply as fact 
and without suspicion of its possible future economic usefulness. 

Much fault must lie with the legislators. It is hard to under- 
stand why a state survey, accomplishing such work of economic 
importance as the present Texas survey, should be short of funds. 
On the other hand, some legislators must be very liberal minded 
as witness the scientific reports of the New York and Maryland 
surveys. 

We are chiefly concerned, however, not with the legislator, but 
with the scope and function of a survey and the extent to which 
its object has been accomplished. I am inclined to believe that 
the geologist has often failed to improve his opportunities, other- 
wise, even after making liberal allowance for the fallibility of 
legislatures, it is difficult to account for the trail of wreckage 
which marks the history of state surveys. 

The object of a state geological survey is admitted, both by 
legislator and geologist, to be chiefly economic, therefore it may 
not be amiss for an economic geologist to criticize the surveys. 
He should know whether they have failed and in what direction. 
There have been surveys which were and are notable successes 
but the full list of surveys contains failures quite as notable and 
the list of failures is somewhat the longer. 

A few surveys may have failed because the states which they 
covered were not fortunate enough to contain mineral resources 
sufficient to serve as a basis for the establishment of a mineral in- 
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dustry. Edward Hitchcock’s report of 1832 on the “ Economic 
Geology of Massachusetts ” might have been a model report for 
its time but Massachusetts is particularly barren as to important 
mineral deposits. 

Many state surveys have failed and continue to languish and 
fail because of lack of competent direction and particularly be- 
cause of lack of competence in their staff. Some state surveys 
are fortunate enough to include experts on their most important 
mineral deposits but it seems to be a happy thought of many 
state surveys that highly special subjects can be adequately 
treated by whatever assistant geologist may be available at the 
time. As a result we get amateurish reports on special mineral 
resources by men who have never given such mineral a thought 
until assigned to the task of saying the last word on the possibil- 
ity of its occurrence within the boundaries of their state. There 
is generally a monotonous sameness to such reports. ‘The first 
half usually consists of a scissored general description of the 
mineral, its origin, habits of occurrence, uses, production, etc., 
which may be said to represent the author’s preparation for his 
task. The second half of the report usually represents the 
author’s attempt to apply his scanty and hastily acquired expert- 
ness to the problem in hand. This is wrong. All geologists are 
not experts on all types of mineral occurrences. If the state 
cares to present a report worthy of consideration on lead and 
zinc in Oklahoma or oil in Iowa, it is as essential that the report 
be prepared by a man expert in the subject as that a report for 
commercial purposes be prepared by an experienced expert. 

Corporations or individuals engaging in modern mineral in- 
dustries depend for special information on their mining engineers 
or geologists. The state survey cannot cover the large areas 
which fall to its lot with a detail sufficient to substitute for the 
work of such men. It follows therefore, if the capitalist is to 
depend upon his own expert for technical advice, that the state 
survey can best advance the development of the mineral resources 
of any state by the preparation and prompt publication of reports 
serviceable to mining engineers and commercial geologists. 
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These men require most geological maps and studies covering 
broad areas. The detailed study of specific prospects is their own 
particular business. In the oil industry, for example, I doubt 
whether any general good is done by the common attempts of 
state surveys to supply a geological department to companies too 
small to have them, by the publication of detailed structure maps 
for developing fields or prospective areas. The oil industry in 
the producing states will probably follow the same rate of de- 
velopment whether such information is published or not. On 
the other hand, much good could be accomplished by the publica- 
tion of broad stratigraphical studies and the correlation of ma- 
terial of importance which could be obtained from the companies 
themselves but which at present is not accessible to any of them. 

The greatest fault with state surveys, however, is delay in 
presentation. From the days when an impatient Connecticut 
legislature took his notes out of the hands of the procrastinating 
Percival and proceeded to prepare what is probably one of the 
worst reports in existence, one of the chief characteristics of 
most geological surveys has been tardiness in publication. State 
Geologists, always with notable exceptions, seem to have forgotten 
that promptness in making the results of their work available to 
the public can be and often is of prime importance. 

The economic results of a state geological survey are propor- 
tional to the services which the survey can render in the develop- 
ment of the mineral industry of the state. Serious promotion of 
mineral industry is not achieved by press agent tactics, nor by a 
slogan, but by sound scientific and technical proof of desirable 
prospects to trained technical men—the mining engineer and the 
geologist. What these men require is more broad, detailed, sci- 
entific, studies—the frame of reference by which they can gauge 
the desirability of the individual prospect. The details of the 
individual prospect, they must and do investigate for themselves. 

When such service is rendered, it is the professional duty of 
the mining engineer and economic geologist resident within the 
state to assist the survey, so far as he is able, in securing adequate 
appropriations from an apathetic legislature and governor. 


E. DEGOLYER. 
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DISCUSSION OF PAPERS ON SUDBURY ORE 
DEPOSITS. 


Sir: Two articles have appeared in Economic Greo.ocy dur- 
ing 1924 on the ore deposits of the Sudbury District—one, ‘“ A 
Study of the Sudbury Ore Deposits,” by Wandke and Hoffman 
in March, the other, ‘Ore Deposition at the Creighton Mine, 
Sudbury, Ontario,” by Spurr in the April-May number. Not- 
withstanding the authority which attaches to the names of these 
distinguished authors, I believe that the hypotheses which they 
advance to account for the origin of these deposits are built on 
minor phases of the whole system of intrusive phenomena which 
are manifest in the Sudbury District and are open to discussion 
for that reason. 

In 1918, Longyear and I contributed a paper to the American 
Institute of Mining and Metallurgical Engineers on these de- 
posits." At the time of writing we had just completed two years 
of exploratory work which had required a close study of all of 
the various conflicting ideas on the origin of the ore. As a 
guiding principle for our work, we reached the conclusion that 
the segregation of the ores occurred as the result of a magmatic 
process which took place essentially within the laccolithic chamber 
now occupied by the nickel-bearing intrusive. We did not stand 
in the position of originators of this hypothesis, but as experi- 
menters putting it to a test. We believe that the finding of an 
orebody in Falconbridge Township supplies a partial verification 

1 Roberts, H. M., and Longyear, R. D., “ Genesis of the Sudbury Nickel-Copper 


Ores as Indicated by Recent Explorations,” Trans. Am, Inst. Min. & Met. Engrs., 
vol. 59, 1918, p. 27-56. 
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of the hypothesis. The facts brought forth in the papers of 
Wandke, Hoffman and Spurr are not necessarily out of harmony 
with this theory, although both papers assert that the ores came 
from a “ deep-seated source, perhaps the same magmatic reser- 
voirs which furnished the magma of the nickei eruptive, also 
furnished the ore” according to Wandke and Hoffman. As 
Spurr has it, “ The genesis of the sulphide veins and the larger 
injections in the mine is thus indicated: this specimen (which he 
discusses), almost by itself, furnishes what appears to be a re- 
liable key. The ores have originated through magmation, not 
directly from the norite, granite or any other rocks exposed, but 
from a deeper source, the same general source whence the norite, 
granite and other emanations were derived.” 

These are hypotheses. As a first step toward their examina- 
tion, we may, in the spirit of Dr. Ransome’s editorial on “ Sci- 
ence and Dogma ’”’” enquire as to just what a hypothesis should 
include, then it may be profitable to see how these statements fit 
the requirements. Scientific explanation has been defined as the 
harmonizing of fact with fact, or fact with law, or law with law, 
so that we may see them both to be cases of one uniform law of 
causation. According to Jevons,* “a hypothesis appears to mean 
in science, the imagining of something, force or cause, which 
underlies the phenomena we are examining and is the agent in 
their production, without being capable of direct observation. 
In making a hypohesis we assert the existence of a cause on the 
ground of the effects observed and the probability of its ex- 
istence depends upon the number of diverse facts or partial laws 
that we are thus enabled to explain or reduce to harmony. To 
be of any value at all a hypothesis must harmonize at least two 
different facts.” This is quite a different statement from Spurr’s, 
namely, that the specimen gathered by him in the Creighton mine 


S 
“almost by itself 


” furnishes a reliable key to the genesis of the 
ores. 
So far as the facts are concerned, Wandke and Hoffman have 
2 Ransome, F. L., “ Science and Dogma,” Econ. GEOL., vol. 19, p. 205. 
3 Jevons, W. S., “ Lessons in Logic,” MacMillan Co., 1923, p. 270. 











384 DISCUSSION AND INFORMAL COMMUNICATIONS. 


laboriously re-affirmed and added to the great accumulation of 
petrographic data concerning the Sudbury District. Spurr has 
brought to the fore again, the intimate relation of the sulphides 
and the rock-bearing minerals, quartz, biotite and feldspar. No 
one disputes these facts, our chief concern is with the hypothesis 
which is built upon them, for that is the mental framework on 
which hang all the deductions that guide the explorer. If that 
is one-sided, so also will be the deductions. 

There are a great many important geologic phenomena in the 
district directly related to the ore deposits which are neglected or 
are not harmonized in the explanations offered by the authors, 
whereas the facts which they adduce can be accounted for as 
phenomena attendant upon the intrusion of the nickel bearing 
sheet into the laccolithic chamber now occupied by it. In short 
all of the effects observed, 1.¢., the distribution of the ore deposits, 


ce 


the detailed structure of any one ore deposit, the “ vein-dike ” 
intrusions of sulphides into solidified norite, and the microscopic 
details of rock alteration so exhaustively treated by Wandke and 
Hoffman, can all be traced consistently to one general cause, the 
intrusion and solidification of the sill. 

What is there about the Sudbury District that excites the in- 
terest of the great number of geologists who have felt the neces- 
sity of discussing these ore deposits? Is it not the existence of 
ore deposits in connection with the magmatic differentiation of 
the nickel-bearing intrusive into two rock members, acid and 
basic, on a scale so large that the fact is unmistakable? This 
process of differentiation was not so simple as the settling out of 
slime in a tank and no one for many years has maintained that 
view. 

Wandke and Hoffman develop this main differentiation of the 
intrusive most convincingly in the first half of their article and 
then neglect to take any account of it in framing their hypothesis. 
In so doing they fail to explain the close volumetric relation that 
exists between norite and sulphides in different parts of the dis- 
trict, specifically, they offer no explanation as to why only one 
commercial deposit has ever been found on the north range, 
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where the contact is exposed for miles, but where the nickel- 
bearing intrusive is the thinnest, and they fail to explain why 
the greatest deposits occur adjacent to the greatest thicknesses of 
the intrusive on the south range. 

Spurr has done a great service to geological science in his 
“Ore Magmas ” * by disabusing our minds of the idea that sul- 
phide deposits have been formed piecemeal by the continued 
circulation of heated waters. The Sudbury deposits furnish a 
perfect instance of his thesis, but when he turns to a distant 
magmatic reservoir to supply his “ vein-dikes,” on the basis of 
the observations cited in his paper, he overlooks the major geo- 
logical facts of the district. 

The width of the nickel-bearing intrusive adjacent to the 
Creighton Mine is four miles, the dip is 45°, the present depth of 
the lower contact at the inner edge of the micropegmatite is thus 
about four miles, and probably more. Is it not rational to be- 
lieve that the lower and upper surfaces of so large a laccolith 
cooled and hardened into rock while much of the interior was 
still molten? Could not all of the brecciation and the presence 
of the vein-like stringers of sulphides be accounted for as phe- 
nomena accompanying the solidification of both the norite and 
the sulphides one after another? Is there anything inherently 
inconsistent in supposing that the aplitic material, the basic 
magma which formed the later norite dikes and the sulphides 
themselves were developed within this chamber? All around the 
rim of the Sudbury basin, aplitic or granitic material of the kind 
cited by Spurr is present in different localities at the lower con- 
tact, whether orebodies are present or not. In the township of 
Falconbridge it is a constant companion of the ore, although there 
is no granite in the footwall or elsewhere for miles away from 
the occurrence. As Longyear and I expressed it in our paper— 


The constant presence of the granitic material associated with ore at 
the lower contact, as described in detail previously, is indicative of the 
final breaking up of the melt at the contact into two poles, one the very 
basic sulphides and the other the acid phase or granite. The differentia- 


4Spurr, J. E., “ Ore Magmas,” McGraw-Hill Book Company, 1923. 2 vols. 
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tion of the main laccolithic sheet on a broad scale into norite at the base 
and micropegmatite at the top is a larger manifestation of this same 
tendency. In view of this tendency of the magma which appears to be 
especially noticeable at the contact, it is most natural to conceive that 
the ores are simply one phase of the differentiation. 

The deviation from the contact for a few hundred feet of a 
portion of the Creighton orebody is not inharmonious with our 
statement—which may include any local diversity of structural 
conditions, many of which are to be expected. Longyear and I 
were content to recognize the process without attempting to ap- 
portion in detail the exact function of all the forces that acted. 

Discussing the causes of folds, Van Hise says:° “ Tangential 
thrust and gravity are assumed to be the causes of folds. No 
attempt will be made here to show this or to explain the cause of 
thrust, although in the last analysis, it is probable that thrust is 
dependent upon gravity. At all times and in all positions rocks 
are subject to gravity.” This concluding proposition is self evi- 
dent and certainly applies also to rocks in their magmatic stage. 
As the complicated forms of folds in the last analysis are due to 
the force of gravity, so also, the myriad forms of intrusive phe- 
nomena have been developed under the control of gravity, either 
directly or indirectly through the components and transformations 
of gravity. In the magmatic process, a whole complex of inier- 
related chemical and physical forces have acted in addition to 
gravity. Heat, gaseous tension, the forces inherent in growing 
crystals, diffusion, metasomatic replacement and so on ad in- 
finitum—a host of physical and chemical activities that defy 
complete analysis on the basis of the dead effects that we now 
see. 

Wandke and Hoffman have worked out in detail the minute 
replacement effects, shown in connection with the Sudbury ore 
deposits. To build a theory exclusively from the effects of any 
one partial phase of the magmatic process, as they have, is to 
stray farther from. the whole truth than to take the simplest 
gravitational view of the whole series of changes. The latter is 


5 Van Hise, C. R., “ Principles of North American Pre-Cambrian Geology,” 
16th An. Rept. U. S. Geol. Surv., p. 604, 1897. 
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at least an inference from an effect exhibited by the whole body 
of the nickel-bearing intrusive on a scale covering 600 square 
miles. 

The intrusion and solidification of so great a mass of magma 
is not to be thought of as a simple, brief process; on the contrary 
a long time interval was no doubt involved, accompanied by the 
interplay of enormous pressures. On the instant that openings 
began to form either in the solidifying norite or the adjacent 
wall rocks as a result of the readjustments which accompanied 
these pressures, the openings were filled with aplite, molten sul- 
phide or molten norite from a still unsolidified part of the magma. 
In fact, openings as such, could hardly have been more than 
incipient when we consider that the rocks were buried under 
10,000 feet of solidifying magma and an additional 10,000 feet 

f overlying Animike sediments. We are to conceive of a slowly 
moving, viscous mass, charged with superheated gases, flowing 
under pressure, entraining fragments from the surface upon 
which it moves, engulfing fragments of itself which have already 
hardened into rock and supplying differentiates under pressure 
in all directions to any place of weakness that offers. The in- 
jection of sulphides at the Creighton Mine or any other deposit 
marginal or offset, may well have been upwards for many thou- 
sands of feet, but to seize on this out of relation to the map of the 
district and to assert the independence of the ore deposits from 
the norite mass, which is itself laden with primary sulphides, is 
not building a hypothesis that will account for the most widely 
distributed facts. It is indeed framing a hypothesis in direct 
contravention of the relation which is unique to the district. 

Stepping outside of the immediate confines of the Sudbury 
District, there lies to the north and east, an area of 3,600 square 
miles covered in patches by the remnants of quartz diabase sills. 
The norite of the Sudbury District and this quartz diabase are 
closely related species, so also are the copper-nickel deposits and 
the cobalt-nickel arsenides and silver deposits which they yield. 
Can anyone read the great monograph by Miller ° on the Cobalt 


8 Miller, W. G., “ The Cobalt-Nickel Arsenides and Silver Deposits of Temis- 
kaming,” Pt. II., vol. 19, Rept. Ontario Bureau of Mines, 1913. 
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District and doubt the close relationship of the silver to the dia- 
base sills ? 

Collins treats the Gowganda District ‘ and the Onaping Map 
Area,*® which latter district lies immediately contiguous to the 
Sudbury District on the north. There is no better example of 
well-balanced, close geological reasoning from effect to cause 
than is shown in these reports. Well-balanced, because the field 
work and microscopic work supplement each other. Collins 
shows conclusively that the aplitic dikes which accompany the 
diabase, originate within the sills themselves, first by virtue of the 
fact that where the sills are eroded away, the acidic dikes are 
also eroded away, although many contributing dikes of diabase 
still remain cutting the basement floor. Second, he shows a 
quantitative gradation chemically and mineralogically from dia- 
base to aplite. In the field, he definitely traces aplite dikes which 
are physically continuous with calcite, silver-bearing veins. 
These diabase sills are 500 to 1,000 feet thick, many of them 
only 200 feet thick. If differentiation can take place in a cham- 
ber of these small dimensions, how reasonable does it appear that 
the ore deposits of the Sudbury district may have originated by 
differentiation from a cooling mass one to three miles thick. 


Hucu M. Roserts. 
MINNEAPOLIS, MINN. 


A PHYSICO-CHEMICAL THEORY OF 
METASOMATISM. 


Sir: Attention has apparently not hitherto been called to state- 
ments made and deductions drawn from the mass action law by 
Dr. V. M. Goldschmidt in Economic Grotocy for March- 
April, 1922 (p. 118). It would seem to me that some of these 
are apt to be misleading, and since the subject of metasomatism 
is obscure enough, I should like to avail myself of your columns 


7 Collins, W. H., “ The Geology of Gowganda Mining Division,” Mem. No. 33, 
Canada Dept. of Mines, Geol. Surv., 1913. 

8 Collins, W. H., “ Onaping Map Area,” Mem. No. 95, Canada Dept. of Mines, 
Geol. Surv., 1917. 
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to discuss some portions of the article that may be open to dif- 
ferent interpretation. 

In considering the metasomatic formation of feldspar at the 
expense of potash mica, the writer cites as an example a case 
studied by himself in which the muscovite of a rock resulting 
from the metamorphism of shales has reacted with alkali silicates 
to form alkali feldspars. The solutions of alkali silicates were, 
in their turn, derived from the mother liquors of muscovite-bear- 
ing magmas. 

Use is made of the reaction represented by the equation: 

Muscovite Potash Silica Feldspar Water 

H,K2Al,SigO2, -++ 2K,0 + 12810. = 3K-2Al.SigOig + 2H.O, 
for which Dr. Goldschmidt correctly states that, since the reac- 
tion is supposed to take place in aqueous solution and water is 
consequently present in large excess, the concentration of the 
latter may be assumed to be constant. He also presumes an ex- 
cess of silica to be present (owing to the rock containing free 
quartz), a constant ratio to exist between this silica and the 
“potash added,” and then lumps potash and silica together as 
forming an “ alkali silicate.” 


Thus there is obtained an equation of the simpler form: 


X mica + Y alkali silicate = 7 feldspar. 


The same writer then goes on to say “. . . and we are at the 
same time not bound to any definite stoichiometric mica formula 
or any stoichiometric equation whatever... .” This is of du- 


bious accuracy because the proper statement of the volume or 
weight concentration which is involved further on in the article 
requires a knowledge of either the molecular formula or equiva- 
lent weights of the particular compounds concerned. 

Dr. Goldschmidt also writes (p. 119): “. . . We may then as- 
sume that the alkali silicate solution attacks the original mica 
which proceeds to dissolve until its total solubility is reached, 
while alkali feldspar begins to separate out either before or not 
until this point is reached.” From this it is clear that he as- 
sumes both solid mica and solid feldspar to be in contact with the 
solution. 
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He then, for the reaction represented by 
X mica + Y alkali silicate = Z feldspar, 
invokes the mass action law and derives the following relation for 
equilibrium conditions: 
(solubility of the mica)” 
eds aes X (concentration of the alkali silicate)” 
(solubility of the feldspar )* ; 





where AK = equilibrium constant for the existing temperature 
and pressure. Ina footnote Dr. Goldschmidt adds he disregards 
electrolytic dissociation and hydrolysis in this treatment. 

The foregoing statement of the relation seems incorrect to me, 
for, since the solution is in contact with both solid mica and 
solid alkali feldspar, it is saturated with regard to those sub- 
stances and their concentration in the solution is constant. (The 
writer of the article shows this is so by using the term solubility 
instead of the usual one, concentration.) Hence these terms go 
over to the other side of the equation and yield another constant, 
say K’, whence 

K’ = (concentration of alkali silicate)’, 
and the rate of reaction is dependent on the concentration of the 
alkali silicate only at the temperature and pressure existing. The 


‘ 


use of the term “ solubility ” instead of concentration in the equa- 
tion is misleading also unless it is clearly understood that only in 
saturated solutions does the solubility of a substance equal its 
concentration. 

Dr. Goldschmidt goes on to say (p. 120) : “ This means that at 
a given temperature and pressure a minimum concentration of 
the alkali silicate is necessary to cause the separation of feldspar 
at the expense of mica. If this minimum concentration of alkali 
silicate does not exist, the circulating solution can only leach mica 
but not separate any feldspar.” Now, since the rate of reaction 
depends only on the concentration of the alkali silicate, as has 
just been shown, what the foregoing sentence means is that, if 
the concentration of the alkali silicate is not sufficient to form by 
reaction with mica enough feldspar to reach the solubility product 
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of the latter; or, in other words, to form a saturated solution of 
feldspar under the existing conditions, then no feldspar will be 
deposited. This conditional precipitation is common to all cases 
of double decomposition, and is not in any way peculiar to those 
connected with metasomatism, nor does it necessarily result, as 
Dr. Goldschmidt would seem*to imply, from the form of his 
equation which precedes the sentence quoted. 
In the treatment of metasomatism referred to, the same dis- PALIN 


tinguished writer has assumed that muscovite is soluble in water /* * 
without decomposition. What is more likely is that, when water = Oy .. 
comes into contact with muscovite, sufficient of this mineral goes \ < " 192¢ 
into solution to establish equilibrium and that hydrolysis sets in x 


e ; a ‘ . ty 
after a longer or shorter interval, most probably immediately. LT. 
H. C. BoypeE tt. 


DEPARTMENT OF GEOLOGY, 
MassACHUSETTs INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, Mass. 


NEW METHOD OF RADIO-AERONAUTIC 
PROSPECTING. 


Sir: True wealth is dependent primarily on the mineral re- 
sources oi the earth, and no definition of wealth is possible with- 
out the unconditional acceptance of this fundamental postulate. 
Other classes of wealth, such as credit, industrial, and municipal 
activities, are dependent for their existence and life blood upon 
the treasures which the earth offers to struggling humanity. Our 
supply of mineral wealth, which includes water and oil in com- 
mon with coal and metallic ores, if once cut off would be fol- 
lowed by the immediate cessation of a very high percentage of 
human activity and industry. It is hence of paramount im- 
portance to assure a continued and permanent supply of these 
classes of natural wealth. 

As the miner exhausts the most accessible deposits, the more 
difficult does it become to locate fresh and future supplies. The 
methods at the disposal of the mining engineer and prospector up 
to quite recently have been most limited in their scope. Geologi- 
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cal prospecting is but superficial; drilling and boring at the best 
of times are most costly and very tedious. To drill to any great 
depth is a risky undertaking in a region where the geological 
and tectonic conditions are practically unknown and it is such 
regions which must be exhaustively investigated in this urgent 
necessity for the location of fresh supplies of natural wealth. 
The readily accessible regions have already been tapped to their 
utmost capacity. It is but necessary to consider the colossal 
difficulties which would be encountered and the immense expense 
entailed by a comprehensive and useful geological survey of 
regions such as the Mongolian and Kalahari Deserts, the barren 
territories of Arabia, Asia-Minor, and the Russian Steppes. 

It is in the application of geophysical methods of analysis, 
based on certain fundamental principles in physics, that the min- 
ing prospector must cherish the highest hopes for a solution to a 
vitally important problem. <A reference to a number of these 
would indicate their application and possibilities. The hetero- 
geneity of deposits in the earth’s crust are the cause of certain 
gravitational anomalies, in the detection of which, the Gravity 
Torsion Balance of Edtvés has already found a certain applica- 
tion. This instrument has proved itself of particular value in 
the location of oil and metallic lodes of high density, and is likely 
to find far wider application as it becomes more generally known. 

Deposits of magnetic ores cause magnetic anomalies which may 
be investigated by means of specially constructed instruments, 
as that of Schmidt. An example of this is the magnetic survey 
of the region of Kursk in Russia, where remarkable magnetic 
anomalies were discovered. 

A number of electrical processes have also been devised in 
recent times for the location of ore bodies. The Lundberg- 
Nathorst method, which has been employed in Sweden, depends 
upon the electrical conductivity of mineral deposits and the in- 
vestigation of equi-potential lines, while the Schlumberger proc- 
ess is based on somewhat.different principles. In the latter, the 
electrical currents are generated by the ore bodies themselves, due 
to the interaction of metallic solutions with the deposits as elec- 
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trodes, a type of natural cell being the result. The greatest diffi- 
culty here is in the ability of the observer to distinguish between 
such currents and ordinary earth currents. 

The essential feature of these methods is that they are com- 
paratively inexpensive and quick as compared with drilling. But 
in many cases even with such an improvement, the geophysical 
prospector would still have very serious obstacles to overcome in 
an inaccessible country. At the World Power Conference re- 
cently held at the British Empire Exhibition, Wembley, a further 
advance was indicated by O. Taussig, an Austrian engineer. The 
method which he outlined effectively removes the barrier of in- 
accessibility by enlisting the use of aircraft in the service of 
prospecting. [Electrical oscillations are induced in a wireless 
aerial suspended from an aeroplane or airship. The presence of 
a conducting body such as water or ores in the vicinity will cause 
a modification in the frequency of the electro-magnetic waves. 
This method is known as the capacity method and has been 
evolved by Dr. Lowy from the formulae of Fleming and Kelvin. 
It was used in 1914 in South West Africa for the location of 
underground waters. Airship experiments at Friedrichshafen in 
1922 demonstrated the utility and reliability of this process within 
certain limits, and experiments recently carried out with the large 
airship being built for the United States at Friedrichshafen, are 
understood to have been successful. The depth below the earth’s 
surface of water or conducting material can be determined with 
comparative accuracy up to a depth of one and a half times the 
length of the aerial, so that with a modern airship, which is about 
600 feet long, an aerial of approximately this length can be 
carried and depths of conductors ascertained down to goo feet. 
At first the use of aeroplanes for this method appeared to be at- 
tended with considerable danger to the pilots, but subsequently a 
modification was adopted which is to be regarded as the standard 
method. The free end of a long aerial suspended from an aero- 
plane is picked up by a second machine during flight, and the two 
aeroplanes then move forward together at the same velocity hold- 
ing the aerial in a horizontal position between them. In this way 
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it is claimed that an aerial of any reasonable length can be carried 
which enables prospecting by this method to be extended to any 
depth below the surface. 

A second method is based on the principle that electromagnetic 
waves are reflected by a conductor. An aeroplane or airship 
equipped with a transmitting and receiving set could thus be able 
to send out an electro-magnetic wave front and observe whether 
it be reflected or not; thus indicating the presence or absence of a 
conducting body. The velocity of: these waves is however so 
great that such measurements must be carried out at considerable 
heights or with very short wave lengths. The same aerial being 
used for both transmitting and receiving, as soon as a wave length 
has been transmitted, the receiving apparatus must be put into cir- 
cuit. If a wave be transmitted at a height of 1500 meters, it 
would be reflected and received by the aircraft in a one hundred- 
thousandth of a second; in consequence, the period of the wave 
must be less than this interval. It is here that the greatest practi- 
cal difficulty is encountered. After considerable research by the 
Physikalisches Staatslaboratorium at Berlin, this was overcome, 
so that the method may now be regarded as awaiting a sound and 
conclusive practical test. 

Herr Taussig called attention to the vast possibilities of these 
two methods and the regions in which they could be most ap- 
propriately, employed. Aircraft would thus contribute. still 
further to the welfare of humanity, both industrially and politi- 
cally. The survey of isolated regions would be of little avail; 
the need is for a coherent and extensive survey of the whole of 
the unexplored areas of the earth’s surface. 

Most of the geophysical methods discussed above are at present 
regarded with scepticism by mining engineers and industrialists. 
They are said to savour of the mysticism of the diviner. On 
the contrary they are based on the same sound physical principles 
as many other processes and methods which have been adopted 
by the practical man from the laboratory of the purely scientific 
investigator. If this adoption proves slow, it cannot be regarded 
as due to any inherent deficiencies of the methods themselves. 
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Certainly no headway can be made as long as no opportunity is 
offered for them to be put to a series of fair and impartial tests. 
Each method has its limitations, but also each has its especial util- 
ity. It cannot be doubted that in their entirety they can, in col- 
laboration with the mining engineer and geologist, facilitate and 
expedite the arduous search for and location of the mineral treas- 
ures of the earth. 
H. Suaw. 
SoutH KENSINGTON, 
Lonpon. 


CALIFORNIA OIL FIELD WATERS. 


Sir: This paper by Chase Palmer’ presents a welcome new 
theory of origin of carbonate waters in underground sands. It 
does not, however, preclude the possibility of other origins. 
Palmer’s thermodynamic objection applies only to the second 
equation of Hoefer’s sulphate hypothesis, this being an endo- 
thermic reaction in which sodium sulphide is formed. It does 
not apply to Hoefer’s first equation in which the reaction is 
slightly exothermic and produces sodium carbonate and hydro- 
gen sulphide. Since the second equation is needless and never 
has been highly regarded, Palmer’s objection to it may be ac- 
cepted. On the other hand, Hoefer’s first equation has been 
regarded as a model of a general type of reaction at the con- 
tact of oil with sulphate waters. Such contacts are character- 
ized by heavier oil, which suggests that the oil has been oxidized. 
Further study is required to determine whether the water at 
such contacts contains less sulphate than it does a little farther 
away. Generally it contains no sulphate at the oil contact, even 
in sands which are known to contain sulphatic waters some dis- 
tance away from the oil fields. Sulphates, therefore, have been 
regarded as the principal agents that oxidize oil in the rock. 
Possibly some of the substances present act as catalysers, espe- 
cially the clays. The writer believes that the action is more 

1 Econ. Grot., XIX, November, 1924, p. 623, et seq. 
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effective on oils containing considerable unsaturated hydrocar- 
bons. It is less noticeable at the water-contacts of pure 
paraffin oils. 

Therefore, the writer considers Palmer’s new explanation 
of an origin of alkaline sulphide waters to be a valuable work- 
ing hypothesis to use in considering a part only of the complex 
phenomenena. It may apply to such waters as we find in the 
Dakota and Sundance of Wyoming, where the volume of such 
water is too great to be explained by the reaction of sulphates 
with hydrocarbons. Hydrogen sulphide is abundant in the Sun- 
dance and Tensleep. At Salt Creek the Sundance water contains 
nickel. The great volume of these sulphide waters and the rela- 
tively insignificant amount of oil in the Sundance and Tensleep, 
combined with the abnormally high temperatures, found by van 
Orstrand, might suggest a deep source for part of the water. 
The writer does not believe that this great amount of hydrogen 
sulphide is of organic origin. Some of it may be of abyssal 
origin, and all of it may be derived from the reduction of sul- 
phates by organic matter in the rocks. 

The geologists know that sea-water buried in the rock strata 
soon loses nearly all its sulphates. Sulphides become more 
abundant in many of these connate waters. How could this 
condition arise, except through the reduction of sulphates by 
buried organic matter, and by its derivatives, carbon and hydro- 
carbon? At present this seems to be the outstanding problem of 
the geochemistry of oil-field waters, even to those who, like the 
writer, agree with Chase Palmer that most of the carbonate must 
have had other origin. 

CHESTER W. WASHBURNE. 


THE DANGER OF GENERALIZATIONS. 


Sir: The editorial under the above caption in the last issue of 
Economic GEOLoGy, with its approval of my Zonal Theory, and 
its disapproval of my Ore Magma Theory, leads me to recall to 
you that when in 1907 I advanced the Zonal Theory in Economic 
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GEOLOGY, subsequent editorial comment was highly disapproving. 
I confidently anticipate as happy an eventual outcome for the 
Ore Magma Theory, after a decent lapse of time. In the mean- 
time I would have preferred if the writer of this editorial had 
carefully read and comprehended “ The Ore Magmas”’ and my 
subsequent papers before giving judgment on the views advanced 
therein. That he has not done so is evident throughout the edi- 
torial: and nowhere more clearly than where he cites the phenom- 
ena of successive crystallization of the Central Transvaal tin- 
bearing pegmatites as a refutation of the ore-magma theory; for 
I have repeatedly dwelt on these same phenomena in North 
America as constituting one of the evidences and important fea- 
tures of ore-magma crystallization." The extraordinary thing 
would have been not to find this sequence in South Africa. 
J. E. Spurr. 


1“ The Ore Magmas,” I, pp. 105, 106, 255, 256, II, 524, 525, 693; Eng. and 


Min. Jour. Press, vol. 116, No. 15, p. 686; vol. 116, No. 17, p. 710; Ecox. GEot. 
VOL: 7... G2i ° Vol. 2, NG. 2, p.. 135 
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The Geology of the Metalliferous Deposits. By R. H. Rastatit. Cam- 
bridge University Press, London, 1923. Pp. xii-++ 508, with 81 text 
figures. 

This new addition to the Cambridge Geological Series of text books is 
written in a clear and readable style, is well but not elaborately illustrated, 
and is free from typographical and other minor errors. The few noted 
are obvious and need no comment here. The author states that his chief 
objects have been to present a clear account of the general principles 
that underlie the formation and alteration of ore deposits, and to de- 
scribe and illustrate certain typical deposits selected to demonstrate ihe 
modes of occurrence of each mineral. Both objects are successfully ac- 
complished, although the degree of success may vary according to dii- 
ferent points of view. 

Part I., General Principles, consists of 11 chapters based on the latest 
theories and facts of chemistry and physics. Chapter I., Introduction, 
begins with a necessarily speculative discussion of the origin of -ihe 
earth and the sources of its rocks and metals, and cites the predominating 
association of ore deposition with igneous activity. Consideration of 
igneous rocks follows in Chapter II., where 25 pages are devoted to ap- 
propriate fundamental principles of physical chemistry and to the separa- 
tion of differentiated partial magmas. Pneumatolysis and solfataric ac- 
tion are then considered, and the last 6 pages are devoted to the petrology 
of pegmatites and closely related gold-quartz veins. The statement (p. 
43) that the distinctive characteristics of the true pegmatites are coarse 
texture and uncommon minerals is subject to some comment, inasmuch 
as the great majority of pegmatites contain few or none of the uncom- 
mon minerals, and therefore have excited little interest. Those famous 
for uncommon minerals represent exceptional concentrations of rare ele- 
ments, analogous to the concentrations of valuable metals cited by the 
author. 

Chapter III. is intended to discuss the “ origin, characters, and distri- 
bution ” of sedimentary and igneous rocks “in so far as they are directly 
connected with ore deposits,’ but is rather disappointing, as too much 
space is given to an elementary review of ordinary sedimentary rocks, 
and not enough to the features of sedimentation most closely related to 
ore deposits. The subjects of placers and sedimentary iron ores, for ex- 
ample, are dismissed with cross references to chapters in Part II. 
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Chapter IV., The Relations of Water to Ore Formation, contains an 
excellent concise review of the subjects of magmatic and meteoric waters 
and the circulation of ground water. It also considers in a preliminary 
way the deposition of ores from magmatic and meteoric solutions and 
subsequent changes in ore bodies due to water. 

Chapter V. contains a good general discussion of the forms of ore de- 
posits, and their relations to geologic structure. A few statements, how- 
ever, call for some comment. On page 72 the statement that an ore min- 
eral in disseminated grains is frequently an original constituent of an 
igneous rock at first surprises the American reader who at once thinks 
of the immense disseminated copper deposits, and perhaps the dissemi- 
nated lead and zinc ores of Missouri; whereas the author (p. 85) has in 
mind such deposits as chromite in serpentine and certain tin-bearing 
granites. The author may with justification restrict the term dissemina- 
tion to primary occurrences in contrast to “ impregnations,” but on page 
243 he refers to ‘porphyry copper’ deposits as disseminated. The term 
“bedded ore-deposits ” is used to include original sediments, ironstones, 
certain manganese deposits, copper-bearing shale, and, for convenience, 
residual deposits also. 

Chapter VI., The Composition and Characters of Ore-Deposits, con- 
tains a good discussion of the elastic meaning of the word ore, briefly 
names the common ore and gangue minerals, and then describes and ex- 
plains the ordinary structural features of different forms of ore bodies, 
citing certain British examples. The discussion of contact deposits and 
replacements is rather too brief for students without previous knowledge 
of them. 

In Chapter VII., The Classification of Ore Deposits, attention is di- 
rected to different points of view from which classifications have been 
made. All existing classifications “have serious drawbacks” that “in 
the present state of our knowledge can not be remedied.” The author 
states that after long and careful deliberation he has adopted a classifica- 
tion founded on metallic contents; but this classification evidently refers 
to the arrangement of Part II., for, after discussing the fundamental 
conditions underlying a genetic classification “largely developed by Lind- 
gren,” he proposes a scheme based on genesis, which is not claimed to be 
an improvement over other genetic schemes but expresses the general 
principles set forth in the book. His classification contains four main 
divisions. The first, primary deposits, is subdivided into (1) magmatic 
segregations, (2) pegmatites and abyssal infillings and replacements 
(magmatic water only), (3) infillings and replacements at moderate depths 
with moderate temperature and pressure (magmatic water or water heated 
by descent), and (4) infillings and replacements near the surface at low 
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temperature and pressure (meteoric water only). There appears to be 
no place for deposits from magmatic waters near the surface; for ex- 
ample, certain hot spring deposits, as well as important quicksilver de- 
posits, and gold deposits of which Goldfield is a type. His second main 
division “secondary deposits ” includes “ oxidation ores ” and “ reduction 
and cementation deposits.” The third division “ stratified deposits ” in- 
cludes “ bedded ores formed primarily as sediments ” and “ bedded ores 
formed by metasomatism of sediments.” The second of these subdi- 
visions apparently duplicates the third and fourth subdivisions of primary 
deposits, although the author doubtless has some distinction in mind. 
The last division 


? includes “‘ residual and eluvial 


deposits, gossan, and shoad ” and “ transported alluvial deposits,” the last 
partly duplicating the first subdivision of “ stratified deposits.” 


superficial deposits ’ 


The reader is somewhat confused by the variable scope of the term 
“secondary deposits.” Its meaning here differs from that in Chapter 
VI., where it served as a synonym for sedimentary deposits, and earlier 
in the book where it included both sedimentary deposits and products of 
oxidation and related processes. The useful terms supergene and hypo- 
gene do not appear in the book. 

Chapter VIII., The Relation of Ore-Deposit to External Influences, 
deals first with alteration in the zones of oxidation and sulphide enrich- 
ment. The changes in copper, silver, and mixed sulphides are well illus- 
trated, but those in lead and zinc deposits are a little too briefly con- 
sidered. The subject is summarized in a brief table of ore minerals 
formed in different zones. The briefness of the table subjects it to some 
criticism. Tetrahedrite, for example, is listed only as a minor product 
of secondary enrichment; argentite only as a primary mineral, although 
its occurrence also as a product of supergene enrichment is noted in the 
text; chalcocite, to the satisfaction of some and disappointment of others, 
is listed only as a product of supergene enrichment, although the inter- 
pretation by some geologists of hypogene chalcocite at Butte is cited in 
the chapter on copper. 


” 


“ Metamorphism and ore deposits ” are next discussed, and the defini- 
tion of metamorphism is restricted to “the production of new minerals 
or new structures or both in preéxisting rocks by heat or pressure, or 
both.” Metasomatic processes, commonly referred to as “contact meta- 
morphic” by American geologists are excluded. The author admits that 
this restricted definition can not be strictly applied, and in discussing 
dedolomitization as a variety of thermal metamorphism states that along 
some intrusive contacts there has been a considerable diffusion of ma- 
terial across the contact. The zinc deposit at Franklin Furnace, N. J., 
is briefly described, here and again in the chapter on zinc, as the result 
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of a “simple metamorphism of a calcareous rock originally containing 
zinc, manganese, iron, and alumina ” in oxidized minerals. 

Weathering processes in rocks are next considered and could well be 
merged with the discussion of secondary changes due to water, in Chapter 
IV. Rock changes accompanying mineralization are then discussed in 
some detail. Here as in some other books, sericitization, propylitization, 
and pyritization are discussed separately, only to be recognized later as 
parts of one complex process. The reader might gain a clearer impres- 
sion if the process as a whole were discussed first, and its different re- 
sults explained as due to decreasing intensity and to differences in com- 
position of the rocks affected. 

Chapter IX. deals with metallogenesis, illustrated by well known oc- 
currences ‘of magmatic sulphides, low temperature sulphides with spe- 
cial reference to lead and zinc sulphides remote from igneous centers, 
arsenides selenides and tellurides, nonferrous primary oxides, platinum, 
and certain occurrences of gold. The author is inclined to favor an 
ultimate magmatic source for the lead and zinc deposits and suggests an 
origin in two stages similar in some degree to earlier suggestions by 
Winslow, Buckley and Siebenthal: an early lean impregnation (perhaps 
by magmatic waters) in some rock that may now be removed by erosion, 
and reconcentration by meteoric waters. Under the heading “ para- 
genesis of metals,” he gives a good discussion of the isomorphism of sul- 
phides, arsenides and sulphosalts, the last group regarded as of super- 
gene origin. He then discusses metallogenetic provinces and metallo- 
genetic epochs, and concludes with summary generalizations illustrated 
by a “ genealogical tree” which shows the more evident associations of 
certain metals with certain rocks. It is “admittedly tentative and in- 
complete,” but is offered as “a basis for a truly genetic classification of 
primary ore deposits.” 

Chapter X., Metallogenetic Zones, is in substance a reprint of a paper 
on Economic Geroxocy, vol. 18, pp. 105-121. The instructive Cornwall 
district, already. referred to several times, is twice referred to at some 
length in this chapter, and, according to the author, “no apology is needed 
for returning once more to this often-mentioned area.” Repetition, how- 
ever, although valuable in the class room, creates a suspicion of imper- 
fect arrangement in a book. There is similar though less conspicuous 
repetition in discussions of British lead and zinc deposits. Discussion of 
the generalized succession of ore zones refers to well-known papers by 
Lindgren and Spurr in 1907, W. H. Emmons in 1908, and Kemp in 1922. 
Regarding the causes of primary zoning the author regards it “as an 
axiom that in any chemical and physical processes involved in ore for- 
mation, the controlling factors are temperature and pressure... .” He 
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apparently slights the importance of concentration either of the original 
solution or after modification by reaction with certain rocks in controlling 
deposition, especially of the persistent minerals. 

Chapter XI., Mineral Formation, reviews again some of the physical 
and chemical laws mentioned in Chapter II., and prompts the suggestion 
that the two chapters may in large part be merged. Discussions of the 
formation of secondary minerals and of the stability of minerals under 
conditions of weathering may also be merged advantageously with parts 
of preceding chapters. 

Part II. consists of 9 chapters dealing with the occurrence of metals. 
The titles in order are copper; tin; lead and zinc; iron; nickel, cobalt, 
manganese, chromium; mercury, antimony, arsenic, bismuth; the minor 
metals (W, Mo, Va, Ti, Th, Ta, Zr, U and Ra) ; aluminum; the precious 
metals. The form of treatment is first a brief sketch of the history and 
commercial importance of the metal, then brief descriptions of its ore 
minerals, followed by more or less complete summary accounts of some 
typical deposits. British deposits are quite properly given preference, 
and are doubtless the most adequately treated. Some of the brief de- 
scriptions of American deposits will scarcely suit the authors from whose 
original reports the data are taken. 

The author, in his preface, recognizes an apparent want of balance in 
Part II., but it serves the purpose for which it was intended—the geology 
(not necessarily economic geology) of metalliferous deposits. The sub- 
ject matter of Part I. is sufficient for a full college course, and it may 
well be considered whether it is not best treated in a separate volume that 
is not in danger of curtailment to make room for abstracts of published 
descriptions, and whether the geographic, statistical, and other commercial 
features are not best treated in a separate volume and from a more eco- 
nomic standpoint. 


G. F. LoucGuiin. 


The Origin of Continents and Oceans. By ALFrep WEGENER. Trans- 
lated from the third German edition by J. G. A. Skert.. With an in- 
troduction by Joun W. Evans. New York, E. P. Dutton & Co., 1924, 
212 pages, 44 figures. 

The great interest being manifested in the hypothesis of Wegener io 
account for the distribution of the continents warrants a brief review of 
his arguments in this journal, even though its bearing upon theories of 
the origin of mineral deposits may not be immediately apparent. It is 
clear, however, that economic geologists should be concerned with the 
nature of the material beneath the earth’s surface, and the Wegener 
hypothesis postulates, at least, its physical character. 
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In the book the author discusses in great detail his hypothesis that the 
continents have separated from a single mass, have drifted to their pres- 
ent positions and are still in process of drifting apart. The hypothesis 
arises from the theory that the earth has cooled from a hot liquid mass 
and that there is still a fluidable layer between a solid crust and a solid 
interior. Furthermore, Wegener postulates on the basis of the indica- 
tions of isostacy that a siliceous crust floats upon a relatively mobile 
basic substratum. He concludes that the continents are floating masses 
of “sial” upon and partly immersed in the “sima” which extends be- 
neath and beyond them under the ocean basins. He assumes as a neces- 
sary tenet in his hypothesis that the sima is viscous like sealing wax and 
is deformable to some extent even under very small forces, and that the 
sial has a limit of rigidity beyond which forces must increase before de- 
formation results. Upon these arguments he states that small forces 
continued throughout geological time are competent to deform greatly 
the sima without notably affecting the shape of the sial masses. 

It is a fact that the sun and moon create body tides within the earth 
which tend to retard its rotation. It is a fact, also, that a body floating 
upon the surface of a rotating liquid mass tends to move towards the 
equator of the mass. It follows that if the continents are floating upon 


a liquid layer they tend to lag behind the rest of the earth due to tidal 


forces, and to move from the poles towards the equator due to centrifugal 
and gravity forces. Wegener maintains that great movements of this 
sort have actually taken place, and that the continents are still drifting 
westward as a result of tidal retardation, being opposed in their westward 
movements by the viscosity of the sima. Where the sima was more 
mobile the continents moved relatively fast and far, and where it was 
viscous they dragged behind. Because South America has had fair sail- 
ing, it is now some thousands of miles ahead of South Africa but much 
less far ahead of Europe. Wegener maintains that geological history 
indicates that Europe and North America parted company much later in 
history than South America and South Africa. 

This relatively simple plan of continental migrations is supposed un- 
fortunately to have been masked and complicated by the migrations of 
the earth’s poles. On the basis of the indications of the distribution of 
climates throughout the world in Carboniferous and later times Wegener 
concludes that the poles have changed notably in the past from their 
present positions. He claims to be able to trace the migrations of the 
poles in a general way throughout post-Devonian times. As the poles 
changed their positions, of course, the direction of the equatorward drift 
changed accordingly, with the results that India left the flank of east 
Africa and Australia moved away from the Bay of Bengal in which it 
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used to lie. The author has compiled a large group of geological facts 
which seem to indicate that America and Africa were formerly contigu- 
ous parts of the same basin of deposition, and the distribution of the 
glossopteris flora is invoked as proof that India, Australia, and Africa 
were once joined together. 

Previous to Carboniferous times all the seas were one sea, and there 
was but one large continent. The hypothesis has not been applied in de- 
tail to times earlier than the Carboniferous. The process of separation 
is still supposed to be going on, and the great Rift valley of Africa is 
cited as an illustration of the way in which the divisions of the sial crust 
split up and became separated into units; as one portion moves faster 
than its continuation it leaves its eastern part behind whereas its west- 
ward mass goes on. Wegener concludes that there can be no igneous 
rocks of acid type in the ocean basins except for little masses which have 
broken off from the passing continents and remained behind stalled in 
the sima, and that the only basic rocks on continents are the upwellings 
from below through incipient lines of rupture. 

The hypothesis as a whole does not lack a certain attractive plausibil- 
ity to those who are friendly towards some modifications of the nebular 
theory of cosmogeny; but critical examination points to the impossibility 
of a shiiting of the geographic poles even with a movable crust. 
Wegener suggests forces to cause the drift of floating continents but 
none to cause a shifting of the poles. Without a polar shifting it is im- 
possible to explain how the continents, which appear roughly to fit, could 
have slid away from one another in directions which appear to be to- 
wards the poles instead of away from them. Even if one admits conti- 
nents of sial floating upon a hypothetical layer of sima, and if one ad- 
mits further that this sima has a postulated degree of viscosity which 
will permit the passage of continents through it, even then the hypoth- 
esis must fall by reason of the complete failure of anybody adequately to 
account for any considerable shifting of the poles. 

T. T. Quirke. 
UNIVERSITY OF ILLINOIS, 


Urpana, ILL. 
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SOCIETY OF ECONOMIC GEOLOGISTS 


The Society of Economic Geologists held its Annual Technical Meet- 
ing through the courtesy of Columbia University at Schermerhorn Hall, 
Columbia University, New York, May 22, 1925. 

The technical sessions were attended by about thirty members and 
some twenty-five guests. 

The program follows: 

Morning Session—1o A.M. 
President Leith—Presiding. 
Origin of the Phosphoria Formation of Idaho—G. R. Mansfield. 
Mineral Resources of Maranhao, Brazil—E. W. Shaw. 
Natural History of Pegmatites—F. L. Hess. 
Gypsum by Alteration—F. A. Wilder. 
Genesis of Magnetite Deposits, Vancouver Island—W. L. Uglow. 
Failure of Concrete due to Aggregate of Zeolitized Anorthosite 
Loughlin. 
Microstructure as an Index of Ore Genesis—L. C. Graton and R. P. 
Koenig. 





G: F. 





Afternoon Session—2 P. M. 

Professor Kemp—Presiding. 

PRESIDENTIAL ApprREss—Lead and Zinc Deposits of the Mississippi Val- 
ley—C. K. Leith. 

An Examination as to the Intergrowth of Certain Minerals in Ore De- 
posits—W. H. Newhouse. 

Successive Crystallization around Rock Fragments in Vein-Dikes—J. E. 
Spurr. 

Hypogene Arsenic from Northern Idaho—E. Sampson and J. L. Gillson. 

Quantitative Standards for Color and Hardness of the Ore Minerals— 
S. B. Talmage. 

Replacement in the Tin-bearing Veins of Caracoles, Bolivia—W. 
Lindgren. 

Paragenesis at the Provenir Silver Mine, Huanuni, Bolivia—W. Lindgren. 

Resorption and its Relation to the Hematite Veins in the Grenville 
Granite—George W. Bain. 
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Fractionation of Petroleum during Capillary Migration—C. W. Cook. 
The Relations of Earth Temperature to Anticlinal Folds—W. T. Thom, Jr. 

The following papers were read by title: 
Uintah Summit Copper Mine, Utah—W. O. Crosby. 
Origin of the Ore of the Mansfeld Kupferschiefer—P. D. Trask. 
Gold Production of California 1848-1924—J. M. Hill. 
Britannia Mines, B. C.—S. J. Schofield. 
Notes on the Slocan Silver-Lead District, B. C—Alan M. Bateman. 
Secondary Enrichment and Oxidation of Copper Ores—J. F. Kemp. 
Stoping during Ore Deposition—Augustus Locke. 
Criteria for the Recognition of Heavy Minerals in the Mid-Continent 

Field—F. C. Edson. 
The program elicited much interesting discussion. 

Credit for the excellent program and arrangements of this meeting is 

due the following Committees: 


Papers Committee Arrangements Committee. 
D. F. Hewett, Chairman, J. F. Kemp, Chairman, 
E. DeGolyer, J. Volney Lewis, 
E. S. Moore, Arthur Notman. 


P. G. Morgan, 
Takeo Kato, 
S. J. Schofield, 
Fred Searls. 


The same evening the members left in a special car for Lebanon, Pa., 
and the next day was spent at the Cornwall Ore Banks. Through the 
courtesy of the Bethlehem Mines Corporation, every facility was offered 
by Mr. Willard L. Cumings and his staff for the examination of this most 
interesting contact metamorphic iron ore deposit by the thirty members 
present. 

The Society is deeply indebted to Mr. and Mrs. Harrison Souder for 
their charming hospitality at luncheon. Mr. Souder, who is general 
manager of the mines, after the luncheon gave a most interesting talk on 
the history of iron mining at the Cornwall Ore Banks. 


SCIENTIFIC NOTES AND NEWS 


Joseph T. Singewald, professor of economic geology at Johns Hopkins 
University, has been given leave of absence for the purpose of exploring 
geological formations in South America. 

Philip S. Smith has succeeded Alfred F. Brooks, recently deceased, in 
the position of chief Alaskan geologist for the U. S. Geological Survey. 

Arthur G. Burrows, formerly assistant Provincial Geologist of Ontario, 
has succeeded the late Dr. Willet G. Miller as Provincial Geologist. 

E. H. Sellards, of the Texas Bureau of Economic Geology and Tech- 
nology, has been granted leave of absence for work in Mexico. 

Charles P. Berkey, of Columbia University, secretary of the Geological 
Society of America, has returned to Mongolia for the coming season to 
carry on further exploration with the third Asiatic expedition of the 
American Museum of Natural History. He will return about December 
first. During his absence Professor J. F. Kemp will serve as secretary 
pro tem. of the Geological Society of America. 

A. L. Cotton has succeeded Sir Edgeworth David, recently resigned, 
as Professor of Geology in the University of Sydney, Australia. 

H. I. Jensen, formerly connected with the Queensland Geological Sur- 
vey, is now in New Guinea, with the Ormildah Oil Development Co. 

Earl A. Teager, of the Marland Oil Company, Mexican branch, is in 
charge of geological work for the Research Department recently organ- 
ized at Ponca City. 

H. S. Gale is in charge of geological work in California for the Gypsy 
Oil Company, with headquarters at Los Angeles. 

J. A. Udden is acting as geologist for the Tex-Mex Oil Company, 
Tulsa, Okla. 

Courtenay DeKalb has recently completed his examination of the Old 
Dominion Mine at Globe, Ariz. 

W. Y. Westervelt of New York is spending a vacation of several 
months in Europe. 

Andrew Gibb Maitland, of Western Australia, has received the Mueller 
memorial medal for eminent service in the geological field. 

John D. Galloway has been appointed Provincial Mineralogist of 
British Columbia, to succeed W. Fleet Robertson. 

I. C. White, for 28 years state geologist of West Virginia, and one of 
the oldest living graduates of West Virginia University, was married on 
February 12th, in Morgantown, W. Va., to Mrs. Julia Wildman. 
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Louis D. Huntoon of New York City has established an office as con- 
sulting engineer at 156 Yonge Street, Toronto. 

W. H. Blackburn, mining engineer, has removed to Room 924, Crocker 
Building, San Francisco. 

Ralph W. Cheney of the University of California is to be one of the 
members of the expedition under Roy Chapman Andrews to the Gobi 
Desert. 

C. K. Leith is to conduct a round-table conference on “ Mineral Re- 
sources as a New Environmental Factor in World Affairs ” at the Fifth 
Session of the Institute of Politics which is to be held at Williamstown, 
Mass., beginning July 23 and lasting for a month. The following syl- 
labus of topics for discussion has been prepared by Professor Leith. 

1. Survey of growth of the mineral industry to a scale which makes ita 
new environmental factor in world affairs. 2. Sketch of geographic dis- 
tribution of reserves of the principal minerals, and the dominated centers 
of supply. 3. The international movements of minerals consequent upon 
geographic distribution of reserves. 4. Political and commercial control 
of dominant reserves. Dominance of the United States and the British 
Empire in this field. 5. Exploitation of reserves of backward nations and 
its relation to the principle of self-determination of nations. 6. Freedom 
of access to raw materials as a basic necessity for international peace. 
7. The role of tariffs, embargoes, bonuses and other regulative measurés 
in international movements of minerals and their relation to world peace. 
8. Nationalization and internationalization of mineral resources. Pool- 
ing of exportable surplus of minerals as a war measure, and its possible 
uses for peace. 

The Institute of Politics hopes to gather together a number of geog- 
raphers, geologists, engineers and economists as well as diplomatic repre- 
sentatives of various countries to discuss these questions with a view to 
making an impartial survey of the facts and estimating the influence of 
the forces at work. Further information as to this conference may be 
obtained by writing to the Institute of Politics, Williamstown, Mass. 

At the annual meeting of the American Association of Petroleum Ge- 
ologists held at Wichita, Kan., E. De Golyer was unanimously elected 
president. Other officers elected were: R. S. McFarland, vice-president ; 
C. E. Decker, of Norman, Okla., secretary and treasurer; R. C. Moore, 
of Lawrence, Kan., editor of the Bulletin. The two last-named officers 
were re-elected. 

William H. Wiley, president of John Wiley & Sons, died in New York, 
on May second. 





